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FOREWORD 


This  report  was  prepared  by  Textron fs  Bell  Aerospace 
Company  (BAG),  Buffalo,  New  York  under  USAF  Contract  No. 
F-33615-TX-C-1390.  This  contract  is  an  extension  of  previous 
work  initiated  under  Project  No.  1 46?,  “Structural  Analysis 
Methods1',  Task  No.  146702,  ’’Thermal  Elastic  Analysis  Methods”. 
The  program  was  administered  by  the  Air  Force  Flight  Dynamics 
Laboratory  (AFFDL)  under  the  cognizance  of  Mr.  G.E.  Maddux, 

AFFDL  Program  Manager.  The  program  was  carried  out  by  the 
Structural  Systems  Department,  Bell  Aerospace  Company  during 
the  period  15  March  1971  to  15  March  1972  under  the  direction 
of  Mr.  Stephen  Jordan,  BAG  Program  Manager. 

This  report,  ’’MAGIC  lilt  An  Automated  General  Purpose 
System  for  Structural  Analysis”  is  published  in  three  volumes, 
’’Volume  I:  Engineer's  Manual",  "Volume  II:  User’s  Manual", 
and  "Volume  III:  Programmer’s  Manual”.  The  manuscript  for 
Volume  II  wa3  released  by  the  authors  In  July  1972  for 
publication  as  an  AFFDL  Technical  Report. 

The  authors  wish  to  express  appreciation  to  colleagues 
in  the  Advanced  Structural  Design  Technology  Section  of  the 
Structural  Systems  Department  for  their  individually  significant, 
and  collectively  indispensible,  contributions  to  this  'effort. 

The  authors  wish  to  express  appreciation  also  to 
Miss  Beverly  J.  Dale,  and  her  staff  for  the  expert  computer 
programming  that  transformed  the  analytical  development  into  a 
practical  working  tool. 

This  technical  report  has  been  reviewed  and  is 

approved. 


ABSTRACT 


An  automated  general  purpose  system  for  analysis  is 
presented,  This  system,  Identified  by  the  acronym*  ’’MAGIC  III* 1 
for  Matrix  Analysis  via  Generative  and  Interpretive  Computations, 

Is  an  extension  of  the  structural  analysis  capability  available  in 
the  initial  MAGIC  System.  MAGIC  III  provides  a  powerful  framework 
for  implementation  of  the  finite  element  analysis  technology  and 
provides  diversified  capability  for  displacement,  stress,  vibration, 
and  stability  analyses. 

Additional  elements  have  been  added  to  the  MAGIC  element 
library  in  this  phase  of  MAGIC  development.  These  are  the  solid 
elements;  rectangular  prism,  tetrahedron*  triangular  prism, 
symmetric  triangular  prism,  and  triangular  ring  (asymmetrical 
leading).  Also  included  are  the  symmetric  shear  web  element 
and  a  revised  Quadrilateral  thin  shell  element.  The  finite 
elements  listed  include  matrices  for  stiffness,  mass,  prestrain 
load,  thermal  load,  distributed  mechanical  load,  pressure  and  stress,. 

The  MAGIC  III  System  for  structural  analysis  is  presented 
as  an  in  integral  part  of  the  overall  design  cycle.  Considerations 
in  this  regard  include,  among  other  things,  preprinted  input  data 
forms,  automated  data  generation*  data  confirmation  features,  re¬ 
start  options,  automated  output  data  reduction  and  readable  output 
displays . 

Documentation  of  the  MAGIC  III  System  is  presented  in  three 
parts;  namely.  Volume  I;  Engineer’s  Manual,  Volume  II;  User’s 
Manual  and  Volume  III;  Programmer’s  Manual.  The  subject  document 
Volume  II  (User's  Manual)  is  an  extension  of  the  primary  technical 
document  and  contains  instructions  for  the  preparation  of  input 
data  and  for  interpretation  of  output  data. 
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SECTION  I 
INTRODUCTION 

A.,  General  Considerations 

The  MAGIC  III  System  for  structural  analysis  is  an  extension 
of  the  MAGIC  I  and  MAGIC  II  Systems  reported  in  References  1  to  6. 

All  capabilities  available  in  the.  original  systems  have  been 
retained  and  improved  upon.  Extension  of  the  MAGIC  System  has  been 
in  the  following  areas? 

(a)  Incorporation  of  four  (4)  solid  finite  element  representa¬ 
tions 

(1)  Rectangular  Prism 

(2)  Tetrahedron 

(3)  Triangular  Prism 

(4)  Symmetric  Triangular  Prism 

(b)  incorporation  of  a  triangular  cross-section  ring  finite 
element  which  accommodates  asymmetric  loading. 

(c)  Incorporation  of  a  symmetric  quadrilateral  shear  web  finite 
-element. 

.(d)  Incorporation  of  a  quadrilateral  thin  shell  finite  element 
which  reflects  high  aspect  ratio  usage. 

(e) ;  The  addition  of  miscellaneous  arithmetic  modules  to  the 

System  to  support  the  existing  computational  procedures. 

(f)  Incorporation  of  an  additional  out-of-core  variable  band¬ 
width  equation  solver  based  on  the  modified  square-root 
Cholesky  method. 

(g)  The  addition  to  the  System  of  a  module  designated  as  ANALIC 
(Analysis  In  Core)  which  can  be  used  to  perform  a  complete 
linearly  elastic  stress  analysis,  selected  portions  of  a 
linear  elastic  analysis,  or  as  a  general  purpose  equation 
solver. 
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B.  Applicable  MAGIC  Documentation 

The  work  reported  herein  Is  a  discussion'  (from  the  User's 
point  of  view)  of  the  extensions  listed  in  Section  A,  This  volume. 

User's  Manual  (Volume  II)  is  an  extension  of  the  MAGIC  II  User's 

Manual  (References )  and  as  such  is  to  be  used  in  conjunction  with  j 

that  manual  to  effectively  utilise  the  MAGIC  III  System.  It  is 

emphasized  that  all  information  contained  in  Reference  5  is 

directly  applicable  to  MAGIC  III  without  exception  and  the 

subject  volume  can  be  thought  of  as  a  supplement  to  Reference  5 « 

In  order  to  avoid  any  confusion  and  to  save  the  reader  from, 
frequent  consultation  of  the  Reference  Section  at  the  end  of  this 
document,  the  manuals  applicable  to  the  usage  and  understanding  ( 

of  the  MAGIC  III  System  are  listed  as  follows: 

Theoretical  Documents 

- - -  I 

(a)  Mallett,  R.H.  and  Jordan.  S.,  "MAGIC:  An  Automated  j 

General  Purpose  System  for  Structural  Analysis: 

Volume  I.  Engineer's  Mantr^",  AFFDL-TR-68-56,  Volume  I,  | 

Air  Force  Flight  Dynamics  Laboratory,  Wright-  | 

Patterson  AFB,  Ohio,  January  1969*  j 

(b)  Jordan,  S.,  "MAGIC  II:  An  Automated  General  Purpose 

System  for  Structural  Analysis:  Volume  I.  Engineer's  | 

Manual  (Addendum)",  AFFDL-TR-71-1,  Volume  I,  Air  Force  j 

Dynamics  Laboratory,  Wright-Patterson  AFB,  Ohio,  May  1971. 

I 

I 

(c)  Batt,  J.R.,  and  Jordan,  S.,  "MAGIC  III:  An  Automated  General  I 

Purpose  System  for  Structural  Analysis:  Volume  I. 

Engineer's  Manual",  AFFDL-TR-72-^2,  Volume  I,  Air  Force 
Flight  Dynamics  Laboratory,  Wright-Patterson  AFB,  Ohio, 

April  1972. 


2 


User, Documents 

(a)  Jordan,  S.;,  and  Gallo,  A.M.,  "MAGIC  II:  An  Automated 
General  purpose  System  for  Structural  Analysis,  Volume  II. 
User's  Manual",  AFFDL-TR-71-1,  Volume  II,  Air  Force 
Flight  Dynamics  Laboratory,  Wright-Patterson  AFB, 

Ohio,  May  1971. 

(b)  Jordan,  S.,  and  B&tt,  J.R.,  "MAGIC  III:  An  Automated 
General  Purpose  System  for  Structural  Analysis,  Volume  II. 
User's  Manual",  AFFDL-TR-72-42,  Volume  II,  Air  Force 
Flight  Dynamics  Laboratory,  Wright-Patterson  AFB, 

Ohio,  April  1972. 

Programming  Document 

(a)  Gallo,  A.M.,  "MAGIC  III:  Ah  Automated  General  Purpose 
System  for  Structural  Analysis,  Volume  III.  Programmer's 
Manual",  AFFDL-TR-72-42,  Volume  III,  Air  Force  Flight 
Dynamics  Laboratory,  Wright-Patterson  AFB,  Ohio,  April  1972. 

C.  Summary  of  Manual  Contents 

Section  II  presents  additions  to  the  abstraction  instruction 
library  of  the  MAGIC  System,  descriptions  of  new  agendums  for  the 
ANALIC  module,  and  detailed  abstraction  instructions  required  for 
the  analysis  of  structures  using  the  symmetric  triangular  ring. 
Additional  preprinted  input  data  sheets  have  been  designed  and 
are  explained.  Newly  implemented  finite  elements  and  instructions 
for  their  use  are  discussed  in  detail. 

Section  III  is  devoted  to  interpretation  of  the  input  to  and 
output  from  the  MAGIC  III  System.  Preprinted  input  data  forms  are 
presented  for  specific  example  problems  which  utilize  each  of  the 
MAGIC  III  finite  element  representations.  Output  from  these 
problems  is  also  displayed  and  discussed  in  detail. 
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Appendix;  A'  i&  included  which  delineates  corrections  md 
updates  to  the  MAGIC  II  User’s  Manual  (Kefefeence  */),  Appendix  B 
is  a  compilation  of  all  preprinted  input  data  forms  required  to 
perform  An  analysis  Using  MAGIC  til.- 


smnm  h 
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it.  Introduction 

n^!i<.^.i  i  t  ■mi 

The  MAGIC  III  System  presents  two  Input  data  interfaces  to 
the  Structural  Analyst*  Toe  first  encountered  is  ? eferred  to-  as 
the  System  Input  B&ts  interface,  Thu  System  data  instructs  the 
program  as  to  shat  operations  should  he  performed  during,  sny 
execution*  These  operations  may  be  viewed  as  the  Interpretive 
portion  of  the  MAGIC  System,  for  example,  the  aabrix  abstraction 
instructions  which  are  required  to  pfrfora.  a  structural  analysis 
are  System  Input  Bate,  All  abstraction  instructions  available  to 
the  System  prior  to  MAGIC  III  are  delineated  in  detail  in 
Reference  5,  Instructions  added  during  the  MAGIC  III  development 
ere  discussed  in  detail  in  the  next  Section, 

The  second  input  data  interface  with  the  User  concerns  the 
Structural  Input  Bata,  For  example,  grid  point  coordinates  and 
boundary  condition  information  are  viewed  as  Structural  Input 
Data.  This  problem  oriented  data  accounts  for  nearly  all  the 
effort  expended  in  conducting  structural  analyses. 

As  with  the  matrix  abstraction  instructions,  the  bulk  of 
Structural  Input  Data  parameters  have  been  fully  documented  in 
Reference  5.  Additional  preprinted  input  data  forms  and  specific 
finite  element  data  for  newly  implemented  elements  evolved  during 
the  MAGIC  III  development  ate  included  and  explained  in  this 
Section. 

B.  System  Input  Beta 

1.  General  Description 

The  input  data  for  a  general  MAGIC  execution  consists 
of  control  and  specification  data,  the  abstraction  instruction 
sequence,  and  problem  data.  Control,  machine  configuration  and 
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VVmm  specification  fiat*.  constitute  the  control  and  specification 
data#  -;»hd  .special  (son-»*trix}  data-  constitute  this 

probie®  data.  These  data  m&%  ba  sequenced  a*  fbiiowr: 

(!)  Machine  Configuration  Data 

(2)  ?robl«»iSp#cific>ation  Sat* 

(3)  Abstraction  Instruction  Sequence  Data 

(4)  Matrix  Bat* 

(5)  Special  Data 

where  each  section  is  preceded  by  a  control  card  which  indicates 
the  beginning  of  and  the  options  chosen  for  that  section.  The 
last  section  is  followed  by  a  control  card  indicating  the  end  of 
all  input  to  a  MAGIC  case*  A  sketch  of  a  typical  MAGIC  deck 
set  up  is  shown  below. 


All  MAGIC  III  data-dsek  set-ups  have  the  fossa 
typified  in  the  sketch.  It  Is  noted  that  all  abstraction  in¬ 
struction  data  is  placed  behind  the  $XN3TRUCTI0N  card.  All 
input  matrix  data  is  placed  behind  the  $ MATRIX  card  and  all 
special  data  is  placed  behind  the  $3?EpIAL  card.  All 
structural  input  data  such  as  gridpoint  coordinates,  element 
descriptions,  temperature  and  pressure  data  are  classified  as 
special  data  and  as  such  appear  behind  the  $SPECIAL  card  in 
a  data -deck  set  up. 

These  data  and  their  relationship  to  a  MAGIC  execution 
are  discussed  in  detail  in  Reference  5,  the  companion  manual  to 
this  document.  Of  interest  here  is  the  additional  abstraction 
instruction  capability  (item  3  above)  which  has  been  added 
to  MAGIC  III. 

2.  Additional  Arithmetic  Abstraction  Instructions  Added 

to  MAGIC  III 

The  basic  form  for  arithmetic  statements  is: 
c  =  ±  a  .Op.  ±b 

where  a  and  b  are  known  matrix  names,  c  is  the  name  of  the  matrix 
to  be  computed.  Op  is  the  operation  to  be  performed  in  computing  £ 
from  a  and  b  and  the  positive  signs  of  £  and  b  may  be  omitted. 

Variations  of  this  basic  form  are  required  for  certain 
operations.  These  variations  are  described  with  the  corresponding 
operational  definitions  when  they  occur  in  the  following 
arithmetic  statements. 
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a.  Solution  of  Equations  by CfoaLegky  Trlangv^larlzation 
Statements  are  of. |He  forint, 

T,x  *  A,^f.CHTRIA, 

Ax  «=  is  the  system  of  equations  considered 
Output  matrix  T  «  Triahgularized  matrix 
Output  matrix  x  -  Solution  vector 
'Input  matrix  -A  must  be  symmetric.. 

b.  Computation  of  Triangularized  Matrix 
Statements-  .are  of  the  form: 

T  =  A.TRIA. 

Input  matrix  A  must  be  symmetric 

Output,  matrix  T  =  Triangularized  form  of  matrix  A 

c.  Computation  of  Linear  Equation  Solution  when  Triangularized 
Matrix  is  Known  (Back  Substitution) 

Statements  are  of  the  form: 

x  =  T  .  CHOL .  /$ 

Input  matrix  T  is  in  triangularized  matrix  form 
Input  matrix  /&  is  the  known  set  of  constants 
Output  matrix  x  «  solution  of  back  substitution  system 

This  instruction  is  especially  useful  for  linear  equation 
solution  of  Ax  =  when  the  matrix  A  has  already  been 
triangularized  into  T.  Note  also  that  T  matrix  must  have  been 
generated  from  a  symmetric  matrix  A.. 


dy  REPEAT  ' 

(1.)  General  • 

,  '  ^  -  * 

The  operation  REPEAT  has  been  added  to  the  matrix 

abstraction  capability:  of  the  system.  The  he*  operation  provides 
a  looping,  capability  analogous  to  the  FORTRAN^  "DO"  statement 
where  a  certain  sequence,  of  instructions  is  to  be  repeated  a 
specified  number  of  times , 

•  -  .  * 

f,  ,  -  .  - 

The  sequence  of  instructions  to  be  repeated  is  expanded 

*  .  ‘j  >  '  *  «•  -  '  'S 

into  the  range  of  the  REPEAT  loop  during  preprocessing,  and  unique 
matrix  names  attained  by  appending  subscripts  which  are  automatically 
incremented  each  time  the  sequence  is  repeated.  Manipulation  of 

<■  '5  .  j  .  ,  , 

subscripted  matrices  in  the  instruction  sequence  prior  and 
subsequent  to  the  REPEAT  loop  is  entirely  general  and  provision 
is  made  for  the  card  input  of  such  matrices..  In  the  absence  of 
A  REPEAT  statement  in  the  sequence  of  instructions ,  use  of 
-  subscripts  on  matrix  names  is  optional. 

Potential  applications  include  synthesis  of  fuily- 
streSsed  structural  designs,  analysis  of  structural  nonlinearity  due 
to  large  deflections,  creep,  short-time  plasticity  and  combinations 
thereof,  3-dimensidnal  matrix  algebra  and  solutions  of  systems  of 
nonlinear  equations.  REPEAT  provides  for  a  more  expedient  mode 
of  abstraction  instruction  input  in  such  applications. 

(g)  Abstraction  Instruction 

’’Repeat"  statements  are  of  the  form 
REPEAT  (n,m) 
where  the  arguments  are 

n  -  the  number  of  abstraction  instructions  in  the  sequence 
immediately  following  the  REPEAT  statement  which 
are  to  be  repeated 

m  -  the  number  of  times  the  sequence  of  n  instructions  is 
to  be  repeated 
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The  instruction  can  he  literally  interpreted  as  “repeat  the  following 
series  of  «  instructions  m  times " . 

The  sequence  of  instructions  is  expanded  into  the  range  • 
of  the  REPEAT  loop  during  preprocessing.  Matrix  names  Which  nre 
initially  subscripted  automatically  have-  their  subscripts 
incremented-  by  one  each  time  the  sequence  is  repeated;: 
unsubScriptedmatrix  names  remain  the  same i 

(3)  Subscripted  Matrix  .Names* 

Subscripted  matrix  names  are  specified  in  an  abstraction 
instruction  as  one  td-k lx  alphameric  ehaXupters.,,  the  first  of  Which 
must  be  alphabetic  (as  previously).  The  subscript  of  the  matrix 
name,  if  any,  must  he  a  decimal  integer  between  1  and  9999  enclosed 
in  slashes .  if  a  matrix  name  is  pot  subscripted  ■,  integer  one  is 
assumed.  Negative  or  zero  subscripts  are  riot  allowed. 

The  matrix  name  has  the  fOrmt. 

NAMEA/Je/  or  NA^BA 

where  k  is  a  one  to  four  digit  decimal  integer. 

Subscripted  matrix  names  are  specified  in  card  input 
matrix  data  by  the  entry  of  the  matrix  name  in  card  columns  67 
through  72  (as  previously)  and  the  subscript  in  card  columns  73 
through  76  (right  Justified}*  A  modified  version  of  the  card 
input  matrix  data  standard  form  is  shown  in  Figure  II-l,  page  20. 

(4)  Restrictions 

Restrictions  on  the  use  of  the  REPEAT  loop  are  as  follows: 

A  statement  number  may  not  appear  on  a  statement  which 
lies  in  the  range  of  a  REPEAT  loop.  This  implies  there 
can  he  no  transfer  into  or  within  the  range  of  the  loop. 


*  The  matrix  name  is  stored  in  memory  as  one  character  per  word. 
The  seventh  word  of  the  matrix  name  contains  a  positive  or 
negative  integer.  The  absolute  value  of  this  integer  is  the 
subscript,  of  the  matrix  name.  The  sigh  of  this  integer  is  the 
sign -of  the  matrix  name. 
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Hasting;  oriiFPJ&T  loops!*  not  jper,»ttt*d;-. 

The  total  number  of  statements  generated  by  the  REPEAT 
loop  is  Restricted  by  the  amount  of  working  storage 
(NWORK)  available  for  the  instruction  analysing 
Module  end  the  allocation  module,  (Typically  with 
NWQRK  «?  iQOOO*  approximately  100  Inst  ructions  are 
penalties,/!  -  ' 

Matrix  names  on;  the  left  side  of  an  equals  aipn  »uat 
be  subscripted.  .  _ 

(5)  J&ror  Messages 

Additional  control  f rROb  massage*  which  pertain  to  the 
REPEAT  module.  and  which  -emanate  from  the  instruction  proceaeor 
Module  are  listed  below. 

INSTlt?  STATEMSKT  NUMB®  SPSfclFIKD  WjfrKIN  BANGS  OF  LOOP; 
STATImEWT  NUMBER 

1WS1U  SYNTAX  ERROR  IN  ^REPEAT-  I&TRUCTXOH 

INST12  MATRIX  NAME  %m  OF  EQUALS  SIGN  NOT  SUBSCRIPTED 
WITHIN  RANGE  OF  iOOf 

INST13  INVALID  RESTED  LOOPS 

INSTIL  SYNTAX  ERROR  IN  SUBSCRIPTED  MATRIX  NAME 

iNSTlj?  INSUFFICIENT  CORE  STORAGE  FOR  PROCESSING  LOOP 

INST16  RANGE  OF  REPEAT  LOOP  IS  UNSATISFIED 

INST**  THIS  INSTRUCTION  NOT  AVAILABLE 

Other  control  error  Messages  which  include  matrix 
names  as  additional  descriptive  information  have  been  modified  to 
accommodate  subscripted  matrix  names, 

(6)  Application 

As  an  example  of  the  use  of  REPEAT  consider  a  nonlinear 
matrix  equation  of  the  form 

A0  +  +  AgX2  »  0 

which  may  be  processed  iteratively  to  approximate  x  aa  follows: 

xi+l  **  "  ^1  ^  (A0  *  ^2*i  5 
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The  appropriate  abstraction  instruction  sequence  using 
-REPEAT  is-  as  follows 
1  7 
^INSTRUCTION 

'  AIINV  =  ~A1  .INTERS , 

,  X  /!/  -  AIINV  .MULT.  <  AO: 

PRINT/., ,  *.)X/1/ 

REPEAT  (6/  7) 

XR  /!/  =  X  /l/. RENAME. 

X2  /!/  *  XR  /lv/.EMULT.  X  /!/ 

AX2/1/  *=■  A 2-  .MULT.  X2  /!/ 

AAX/1/  =  AO,  '.Ai)D *  .  AX2/1/ 

AAX/1/ 

where  matrices  AQ,  Ai,  And  A2  are  either  card*  input  or  are 
available- on  an  itiput  matrix  data  set. - 

The  effective  expanded--instruction  sequence  which  would 
result  is  as  follows. 


^INSTRUCTION 
AIINV 
X  /!/ 
PRINTS 
XR  /!/ 
X2  /!/ 
AX2/1/ 
Aax/i/ 
X  /2/ 
PRINT ( , 
XR  /2/ 
X2  /2/ 
AX2/2/ 
AAX/2/ 
X  /3/ 
PRINT (, 


-  -A1  i  INVERT. 
=  AIINV  .MULT. 

=  X  /l/.  RENAME  < 
*•  XR  /l/.EMULT. 
»  A2  .MULT. 

«  AO  .ADD. 

=  AIINV  .MULT. 

*,)X/2/  , 

«  X  /2/.  RENAME. 
=  XR  /2/.EMULT. 
=  A2  .MULT. 

-  AO  .ADD. 

»  A1INV  .MULT. 

>,)X/3/ 


X  ./!/ 
X2  /!/ 
AX2/1/ 
AAX/1/ 


X  /2/ 
X2  /2/ 
AX2/2/ 
AAX/2/ 


XR  /7/ 
X2  77/ 
AX2/7/ 
AAX/7/ 
x  /8/ 


PRINT(,,,)X/8/ 


X  /7/. RENAME. 

XR  /7/.EMULT.  X  /7/ 
A2  .MULT,  X2  /7/ 
AO  .ADD.  AX2/7/ 
A1INV  .MULT.  AAX/7/ 


EIGEN2 

Large  Order  Eigensolution  statements  are  of  the  form: 
c^/c2,  c^,,c^,  c^  —  a .  EIuEN2 «  b  (.d>  c,f ,g».h,  1) 

•where  d  eigenvalues  arid  the  corresponding  eigenvectors  are, 
extracted  from  the  matrix  a,  the  real  parts  of  the  eigenvalues  and 
eigenvectors  are  named  matrix  c^  and  matrix  c2  respectively,  the 
imaginary  parts  'are  named  matrix  c^  and  c^  respectively  and  the 
residual  error  is  named  matrix  c^.  The  following,  auxiliary 
definitions  apply  with  matrix  a  of  order  (n  x  n) 

c1  -  is  the  matrix  of  real  eigenvalues  (d  x  1) 

i  '* 

c2  -  is  the  matrix  of  real  eigenvectors  (n  x  d) 

c^  -  is  the  matrix  (currently  null)  of  residuals  (n  x  1) 

c^  -  is  the  matrix  of  imaginary  eigenvalues  (d  x  1) 

c^  is  the  matrix  of  imaginary  eigenvectors  (n  x  d) 

a  -  is  the  name  of  the  input  elgenmatrix  (n  x  n) 

b  -  is  the  name  of  ah  input  starting  vector  (n  x  r)j 

this  represents  an  approximation  of  the 
dominant  eigenvector..  If  b  is  blank  ,a  unit 
vector  Is  assumed.. 

d  -  is  the  number  of  eigenvalues  requested  (an 
unsigned  integer,  preferably  £  5), 
e  -  is  the  number  of  calculation  vectors  (an  unsigned 
integer >3  and  £  d  but  as  small  as  possible), 
f  -  is  the  maximum  number  of  iterations  (an  unsigned 
integer  <  40). 

g  -  is  the  starting  vector  recalculation  exponent  (a 
signed  integer,  nominally  -2), 
h  -  is  the  eigenvalue-eigenvector  accuracy  criterion  (an 
unsigned  floating  point  number  with  or  without 
exponent,  e.g.,  l.QE-4) 

i  -  is  the  eigenvalue  uniqueness  criterion  (an  unsigned 
floating  point  number  with  or  without  exponent,  e.g., 
1.0E-8). 


MATRIX  PARTITIONING-  (DJOINY 

(1)  General 

The  base  capability  for  matrix  abstraction  -has  been 
extended  by  the  incorporation  of  the  matrix  operation  DJOIN 
(opposite  of  ADJOIN) i  This  provides  for  column,  partitioning  of 
a  matrix  into  two  user-named"  sub -matrices,  a  capability  hitherto 
effected'  by  post  multiplication  of  thee  subject  matrix  by  two 
card  extractor  matrices. 

(2)  Abstraction  Instruction 

Matrix  De join  statements,  are  of  the  form: 
cl#  c2  =  9»DJQINi  ( j-,o) 

where  the  matrix  a  is  column  partitioned  immediately  before  its 
jth  column  and  the  resulting  de joined  matrices  are  named  cj  and  eg 
(l.e.i  ^  •  CgJ  =  a) .  Matrices  and,  Cg  are  of  order  (m  x  J-l) 
arid  (m  x  n-j-fl)  respectively  with  matrix  a  of  order  (ra  x  n) .  Note 
that  1  &  j  f  n. 

The  argument  in  -the  statement  indicates  column 
dejoining  of  matrix  a ,  Row  dejoining  may  be  effected  by  initially 
transposing  matrix  a.  Provisions  have  been  made  to  accept  a  "1" 
in  place  of  the  "Q"  to  indicate  row  dejolnj  currently  the  module 
will  branch  to  a  nonexistent  subroutine. 

(3)  Error  Messages 

MATRIX  COLUMN  DIMENSIONS  IS  TOO  SMALL  IN  .DJOIN. 

This  error  results  when  the  column  number,  j,  is  greater 
than  the  matrix  column  dimension,  n. 
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(4)  Application 

/Two  example  applications  are -given  below. 

(1)  X,  Y  —  Z.DJOIN.  (40,0) 

If  2  is  order;  300  x  100  then 
X  will  be  of  order  300  x  39  and 
Y  will  be  of  order  300  x  61 

(2)  G,  P  «  H.DJOIN.  (1,0) 

G  will  be  a  hull  column  with 
the  row  dimensions  of  H,  and 
P  will  be  a  copy  of  H. 

Matrix  REPLAC 

Matrix  Replace  statements,  are  of  the  form: 
a  »  ±  b, REPLAC, c 

where  the  input  matrix  b  may  be  of  order  n  x  m 

the  input  matrix  c  may  be  of  order  n  x  m 

the  output  matrix  a  may  be  of  order  n  x  m 

Wherever  the  elements  of  matrix  b  are  equal  to  the 
corresponding  elements  of  matrix  c  or  wherever  elements  of  matrix 
c  are  equal  to  0.0,  the  output  matrix  a  contains  a  direct 

mapping  of  matrix  hi  However,  when  the  elements  of  b  are  not 

equal  to  the  corresponding  elements  of  matrix  c,  (excluding 
c  =  0.0),  the  output  elements  of  the  resulting  matrix  a  are 
equal  to  those  elements  of  matrix  c.  This  instruction  is  useful 
whenever  it  is  desired  to  form  a  new  matrix  a,  such  that  its 
corresponding  elements  will  be  the  same  as  those  of  matrix  b 
except  where  modified  by  elements  of  matrix  c  which  are  not 
equal  to  0.0, 
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h*  STRUCTURE  CUTTE*.  (STRCUT) 

(1)  General 

The  matrix  abstraction  capability  of  the  MAGIC  III 
System  includes  the  "Structure  Cutter"  module  which  generates 
a  solution  of  "n"  linear  simultaneous  equations  in  "m"  unknowns 
by  Jordanian  elimination  (where  n£m).  This  module  takes  advantage 
of  sparsity  of  the  coefficient  matrix  and  utilizes  a  more 
effective  mode  of  pivot  selection. 

The  user  may  optionally  control  the  pivotal  acceptance 
levels  used  by  the  module  and  a  list  of  the  column  numbers  of  the 
unreduced  (non-pivotal)  columns  of  the  coefficient  matrix  is  now 
included  in  the  unconditional  printed  output  for  a  successful 
execution.  If  execution  is  terminated  for  reason  of  unacceptable 
pivots  the  row  numbers  of  the  remaining  (dependent)  equations 
in  which  acceptable  pivots  cannot  be  found  are  listed. 

The  revised  module  also  includes  &  restart  capability 
which  may  be  deployed  should  execution  be  terminated  during  the 
pivot  selection  phase  for  abnormal  reasons}  e.g.,  system 
malfunction.  The  four  scratch  data  sets  used  during  execution 
must  be  saved  if  a  restart  is  to  be  made.  Detailed  information 
relating  to  this  module  is  contained  in  Reference  7. 

(2)  Abstraction  Instruction 

"Structure-Cutter"  statements  are  of  the  form: 

Cp  c2  =  la.STRCUT,  ±b,  (d,e,f,g,h) 

where  the  solution,  ¥,  of  the  system  of  "n"  linear  simultaneous 
equations  in  "m"  unknowns,  ±AY±B  =  0,  where  n£m,  is  formed  by 
Jordanian  elimination  and  the  two  parts  of  the  solution  are  named 
matrix  and  matrix  Cg.  The  following  auxiliary  definitions  apply 
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a  -  is  the  transpose  of  the  coefficient  matrix,  A. 

b  -  is  the  transpose  of  the  matrix  of  constants,  li. 

-  is  the  homogeneous  solution; 

Cg  -  is  the  particular  solution. 

d  -  is  an  unsigned  floating  point  number,  with  or  without 
exponent,  bounding  matrix  element  values  of  matrices 
and  Cg  which  are  trivial  and  to  be  suppressed. 

That  is  the  matrix  element  c^j  is  suppressed  if 
I Gijl  i  **  d  is  blank,  zero;  valued  elements 
are  suppressed. 

e  -  is  either  of  the  two  literal  constants .  STOP  or  CONT, 
When  e;  Is  STOP,  execution  is  terminated  if  the 
available  pivot  elements  do  not  satisfy  the  accuracy 
requirement ,  When  e  is  CONT,  termination  of 
execution  for  reason  of  unacceptable  pivot  elements 
is  delayed  until  the  S TROUT  instruction  has  been 
completely  executed,  including  printing.  If  e  is  blank 
the  STOP  option  applies. 

f  -  is  th;»  name  of  the  matrix  >of  Weighting  factors .  If 
f  is  blank,  a  unit  matrix  of  weighting  factors 
automatically  applies. 

g  -  is  the  first  pivotal  acceptance  level.  If  g  is  blank, 
10“3  iS  used. 

h  -  is  the  second  pivotal  acceptance  level.  If  h  is 
blank,  10”5  is  used. 

Matrices  and  £g  are  normal  output  data  for  this  process. 

For  the  case  m  »  n,  c*  does  not  theoretically  exist.  In  this  case, 
a  null  matrix  of  order  (n  x  1)  is  generated  as  c^. 

This  subroutine  unconditionally  prints  both  a  list  of  pivot 
element  values  with  the  corresponding  column  numbers  of  matrix  A 
and  a  list  of  the  column  numbers  of  the  unreduced  (non-pi votal) 
columns  of  matrix  A  as  special  output  data. 


If  execution  is  terminated  for  reason  ol*  unacceptable 
pivot  elements  the  best  remaining  pivot  is  printed  together  with 
the  row  number  of  matrix  A  from  which  it  emanates.  Ro*  numbers 
for  all  remaining  rows  which  contain  unacceptable  pivots  are 
also  listed. 

(<3)  Error  Message 

Error  messages  .emanating,  from  the  Structure  Cutter  are 
listed  below  in  alphabetical  order  ori  the  first  word. 

CANNOT  LOCATE  MATRIX  FOR  STRUCTURE  CUTTER. 

ERROR  IN  STRUCTURE  CUTTER  INPUT  -  IMAX  *  ■**'**  AND  JMAX  ■  ***» 

'  ,  " s  '  <  ,  '*  .'v 

ERROR  IN  STRUCTURE-'  CUTTER  INPUT  ~  NULL-  COLUMNS 
MATRIX  ******  NULL  .COLUMN  ■*  ****  (ETC*) 

ERROR  IN  STRUCTURE  CUTTER  INPUT  -  NULL  ROWS 
NULL  ROW  m  ****  (-ETC.  ) '  *  ‘ 

INSUFFICIENT  STORAGE  fOf<  STRUCTURE  CUTTER: 

INSUFFICIENT  TAPES  FOR  STRUCTURE  CUTTER 

MATRIX  IS  SINGULAR* *  BEST  UNACCEPTABLE  PIVOT  =  ±O.XXXXXXE-XX 
EQUATION  ****  ' 

FOLLOWING  EQUATIONS  CONTAIN  UNACCEPTABLE  PIVOTS 
****  fiETC. A 


3.  Matrix  Data 

Card  input  matrix  data  are  specified  on  the  Standard 
Fora  shown  oh  the  following  page,  .(figure  Il-l) 

A  matrix  header  card  having  an  H  in  card  column  %r, 
and  containing  the.  matrix;  name  and  its  row  and  column  dimensions, 
is  required  for  eaph  matrix* 

It  1#  rioted;  that  colu»ns73  thru  T$  are  set  aside  for 
subscript  inforawtiOh.  A  blank  in.  these  location*  indicates  that 
the  subscript  .associated  with  the  mtri*  in  question  is  equal 
to  the  integer  one  (lc}«  Mote  that  this  subscripting  option  is 
extremely  useful  when  Used  In.  conjunction  with  "the  REPEAT 
abstraction  instruction  discussed  previously* 

It  is  also  noted  that  this  revised  form  ia  identical 
to  the= original  form  provided  for  card  input  matrix  data 
(Pg.  2 ft  Reference  5),.  with  the  exception  of  Columns  73  thru  76. 
The  heading  PROG.  MO,  associated  with  these  columns  now  treads 
SUBSCRIPT. 

The  last  card  after  ail  $MATEiX  da\a  must  Contain  an  E 
in  card  column  1  fith  the  rest  of  the  card  blank. 

Each  matrix  may  Contain:  up  to  6000  randomly  ordered 
elements.  Machine  sortabllity  requires  that  the  sequence  number 
(first  three  digits)  fOr  each  matrix  is  unique  and  identical  in 
both  header  and  element  cards . 

4.  USER04 

a.  Introduction 

The  fourth  user  coded  module  of  the  program  is  the 
structural  generator  of  the  MAGIC  System. 

This  ,U3£B04,  instruction  plays  the  most  important 
role  in  MAGIC  and  it  is  explained,  ih  detail  On  Pages  28  thru  35  of 
Reference  %  the  companion  document  to  this  volume. 
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Figure  II -1  MAGIC  Matrix/Input  Data  Forrset 


The  Structural  Generative  System  may  have  as  many, 
as  fifteen  actual  output  matrices  arid  requite'  ts  many  as  four 
actual  input  matrices.  The  basic  form -of  the* .USBR04.  instruction 
may  be  represented  as  follows: 

0MP1,  0MP2,  0MP3>  0MP4,  0MP5,  0MF6,  0MP7,  0MP8, 

GMP9,  0MP10»  OMPil,  0MP12,  0MP13,  0MP14,  0MP15  = 

IMP1,  IMPS,  IMP3,  XMB4,,  .USER04.  ; 

where  OMP  is  read  as  output  matrix  position  and  IMP  as  input 
matrix  position.  All  matrix  positions,  whether  input  or  output, 
oust  be  present.  They  may  contain  matrix  names  or  be  blank, 
but  there  must  be  nineteen  matrix  positions  represented  by  the 
appropriate  number  of  commas,.  Blank  matrix  positions  are 
discussed  in  the  next  section.  The  output  matrix  positions,  if 
nonblank,  will  contain  the  following  matrices,  upon  exit  from 
the  Structural  Generative  System: 

.  0MP1  r  copy  of  input  structure  data  deck 

0MP2  ~  revised  material  library 

0MP3  »  Interpreted  input,  (structure  input  data 

as  stored- aftey  being  read  and  interpreted) 

0MP4  -  external  system  grid  point  loads  and 
load  scalar  matrix 

0MP5  tfans formation  matrix  for  application  of 

boundary  conditions 

0MP6  -  transformation  matrix  for  assembly  of 
element-  matrices-. 

0MP7  -  element  stiffness  matrices  stored  as  one 
matrix 

OMPS  -  element  generated  load  matrices  stored 
as  one  matrix 

0MP9  -  element  stress  matrices  stored  as  one  matrix 

0MP10  -  element  thermal  stress  matrices  stored  as 
one  matrix 

0MP1I  -  element  incremental  stiffness  matrices 
stored  as  one  matrix 


0MP12  «  el^merlt;  moss  matrices  stored  uu  one  ukiI.iMx 
-QMfl.3-  structural,  astern  constants'  stored  as 
one  matrix 

0MP14  -  element  matrices  in  compressed  format 

/  ''"-stored-  as  one' matrix 

0MP15  -  prescribed  displacement  matrix 

The  input  jaatrix  positions^  if  nor.blank  must 
contain  the  foilwing  ifttrlcis:5  " 

XMPi  -  structure  data  deck  vthis  would  be  a 

previously  generated  matrix  saved  in  OMPX) 
IMP2  -  interpreted,  input,  (.this,  would  be  a 

previously  generated  matrix  Saved  in 
QHP3  used  for  restart) 

IMP3  -  existing  material  library  (this  would  be  a 
.previously,  generated'  matrix  saved  in  QMP2) 
IMP4  'displacement  or  Stress  matrix  to  be  used 
for  stability0  afiaiyses  (th*-  stress  matrix 
:  must  hdve  been  generated’  by  the  structural 

abstraction  instruction  .STRESS.) 

In  the  explanation  of  the  «ANALia  module  and  in 
the  explanation  of  the  agendum  to  use  the  triangular  ring  for 
asymmetric  loading,  the  preceding  general  discussion  of  the 
form  of  the  .USER04.  instruction  will  prove  valuable. 


b.  .ANALIC.  (Analysis  in  Corel 

•  '  v  ‘  -  -  jj,  *  \y 

(1)  '  Introduction 

ANALIC.  Is  a  MAGIC  ill  abstraction  instruction 
which  can  be  used  in  conjunction  with  the  .USER04.  abstraction  in¬ 
struction  to  perform  a  complete  statics  analysis  using  in-core  rou¬ 
tines  exclusively.  This  module  may  also  be  used  to  perform  selected 
portions  of  a  static  analysis  of  as  a  general  purpose  equation 
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solver.  The  ANALIG  module  is,  capable  of  solving  problems  of 
approximately  200  reduced  degrees  of  freedom  with  18,000  words 
of  wc  *ig  storage.  For. ‘problems  ofthissize,  ANALIG  is 
significantly  faster  than  the  STATICS  -agendum.  This  abstraction 
also  features  'dynamic* storage  which  allows  the  maximum  oi^e  problem 
to  fit  in  core j  a  choice  oiF  four  different  equation  sol ven?.  nini 
ehgiheeringv printout  pf -output  matrices.  .  ' 

ANALIG  reduces  the  amount  of  time  required  for  solution 
of  the  statics  problem  mainly  by  reducing  the  overhead  involved' 
in  many  MAGIC  abstraction  instructions ^  In  the  ’STATICS  agendum, 
each  abstraction  instruction  must  be  analyzed,  devices  must  be 
allocated  for  all  input  and  output  matrices-,  and*  finally  the 
abstractions  must  be  executed.  The  execution  of  these  instructions 
consists  of  reading  input  matrices  from-  intermediate  devices, 
computing  and'  then  writing  output,  matrices  on  other  inter¬ 
mediate  devices,  These  output  matrices  will,  in  general,  become 
input  matrices  for  subsequent,  abstractions  and  hence  the  above 
process  is  repeated.  ANALIG  eliminates  the  amount  of  I/O  time 
required  above  by  creating  and  operating  on  intermediate  matrices 
in  core.  The  need,  to  write  and  then;  re-read  information  in 
successive  abstraction  instructions  is  eliminated. 

The  flexibility  that  is  lost  by  having  one  abstraction 
instruction  insteed  of  several  is  made  up  in  part  by  the 
suppression  feature  of  the  ANALIG  instruction.  This  suppression 
feature  is  similar  to  the  corresponding  feature  in  the  iUSER04. 
instruction.  If  an  output  matrix  is  not  desired,  simply  leave 
the  name  blank  and  code  only  the  cpwsaa  to  denote  the  position  of 
this  missing  matrix-.  Certain  input  matrices  and  Scalars  may 
also  be  left  blank  to  indicate  they  are  not  present.  For  example, 
it  la  possible  to  use  ANALIC  to  (1)  generate  only  element  stresses, 
or  (2)  calculate  element  forces  and  reactions  for  a  prescribed  dis¬ 
placement  problem,  or  (3)  compute  stresses  for  a  substructure 
analysis . 


ANALIC  is,  also  flexible  in  allowing;  the  user  to>  solve  the 
largest  possible  probleabased  the  particular  elegants  ;he  ig 
using  and  the  amount  of  -working  storage,  NWORK,.  available  to 
the  MAGIC  III  System.  The  User  indicates  the  ma^ibium  number  Of 
grid  points,,  KNOM#  and  the  maximum  number  of  fdw*  in  the  stress 
matrix,  NRSELM,  for  any  element  used'  in  'the.  analysis,  -'The? 
values  of  NNOM  and  -NRS&M  for  all  the  eliments  in  MAGIC  III  can 
be  found  in  a  table,  below .  Storage  is  allocated;  dynamically 
based  on  NNOM,  .KBS SIS  and  ether  input  parameters  found  in  the  SC 
matrix*.  ANALIC  determines  the  amount  of  storage  required  and 
If  there  is  insufficient  storage  available,  it  tries  to  reduce 
the  number  of  load  condition*  to  make  the  problem  fit*  If  the 
problem  still  does  not  fit  with  one  load  condition,  ANALIC 
returns  control  to  MAGIC  III  indicating,  insufficient  storage 
to  solve  the  problem,. 

The  User  has  the  option  of  selecting  from  four  different 
equation  solvers  in  AKALIC,  The  reader  is  referred  to  Section  m 
of  Reference  9  for  a  detailed  theoretical  discussion  of  each 
equation  solver.  All  four  of  these  methods  are  designed  and  coded 
to  operate  on  symmetric  matrices.  The  first  technique  generates 
displacements  by  computing  the  inverse  of  the  symmetric  stiffness 
matrix  and  then  multiplying  by  the  loads.  The  method  of  bordering 
is  Used  to  calculate  the  symmetric  inverse,  Cholesky 
triangularization  is  the  third,  method  presently  available  In 
ANALIC,  This  method  is  probably  the  moat  effective  method  of 
solving  system  of  equations.  The  fourth  method  available  is  the 
Gauss  Wavefront  method  ot  Reference  10.  This  ®ethq$.||as 
designed  specifically  for  problems  arising  in  linearly  elastic 
stress  analyses. 

Engineering  printout  of  many  inter J3di#te  results  as  well 
as  final  output  matrices  is  provided  by  the  AHALI&  module..  The 
assembled/f educed  stiffness  matrix  and  element  Applied  load 


column  <a£e  printed  with  referent  the  a$gt&tt  gf.id  points 
MM  degree*  of  freed*?**  $fcf  P»t*&  3*o»ft  column  is  also  printed 
as  Kell  a»  the  inverse  of  the  Stiffness  -matrix  if  It  is 
generated*  fhi  di*|ft«dd*«Bfcr  and  f^eifa^srir  pfitfted' 
cof£f»|KmaSit&  ter  the  system  gild'  pedate  and  degreds  nr  freedom* 
Element  stresses  and  forces,  ere  printed -*ith  appropriate 
levels  indicating  the  stff*a  -j|efc|t  Apd  &*&*&*  pt  freedom  or  the. 
grid  point* 

(2)  mth  .  168RQ4* 

A  complete  lin«*rl3f  #i«tic  stress  analysis  which 
generate*  displacements,  stresses, '  force®,  and  reactions  can  -he 
obtained  t>y  psi^g  4  „d^|RO&*  instruction  followed  %  an  *ANAX,XC. 
instruction  iti  the  $IN3TBUCTI0N  section  of  a  mAOIC  date  deck* 

It  is  noted  that  two  Inetructioni  pfOyide  essentially  the  same 
output  as  a  standard  STATICS  agendum*  (Note  petge  4l  and  42, 
Reference  5  for  a-  comparisom) 

An  example  of  the  usa  «f  the  *ANAX»IC.  instruction  in 
conjunction  with  the  .UBJJI04.  instruction  follows: 

CC  CC  CC 

17  16 

$MAQIC 

^INSTRUCTION  SOURCE 

,MLIB,  ,XLD,TR,  ,Xia,  JPTja,SEL,RTEl, ,  ,SC,  EM, «, , ,  ,USER04. 

DISH,,STR,F(»CE,RBACT-TR,SC,lM,)CI>D,  , , , ,  .ANALIC.  (KALC,NNOM, 
NRSKLM) 

where  for  the  .USBR04 *  instruction 

ML IB  -  updated  material  library 

XLD  o  external  load  columns  with  element  applied  load 

scalar  as  first  row 

TR  -  transformation  matrix  from  unordered  to 

ordered  system 
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KEL 

FTEL 

m 

STZL 

SC 

m 


element  stiffness  matrices  generation  control 
element  applied  load  columns  generation  control 
element  stress  matrices  generation  control 
element  thermal  stress  columns  generation 
control  ' 
system  constants 

all  generated  element -matrices  stored  at; 
columns 


and  for  the  .ANALIC.  instruction 


DISH, 

SIR 

FORCE 

REACT 

KALC 

WHOM 

NRSELM 


-  * '  system  displacements 

*  element  stresses 

-  element  forces 
system  reactions 

-  equation  solver  calculation  control 
(See  Table!  ) 

-  maximum  number  of  nodes  in  any  element  employed 
in  the  analysis  (See  Table  11  ) 

-  .maximum  number  of  rows  in  the  stress  matrix 
of  »ny  element  employed  in  the  analysis 
(See  Table  II) 


The  three  scalar  values  associated  with  the  .ANALIC. 
module  are  XALC,  NNOM  and  NRSELM,  These  scalars  may  be  entered 
or  suppressed.  If  the  scalar  is  suppressed,  the  default  .values 
defined  below  will  apply.  Commas  must  be  entered  in  any  case 
to  show  the  position  of  suppressed  scalars.  Note  that  scalars 
2  and  3  are  used  in  dynamic  storage  allocation.  Selecting  values 
which  correspond  to  the  specific  problem  are  better  than 
taking  the  default  values,  since  larger  problems  may  be  run 
than  with  the  default  values. 
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SCALAR  1  YKALCi  -  This  scalar  indicates  the  method;  of 
solving  for  displacements  based  on  the  following  Table  (Table  i). 


.  -KALC  .  •  .  . 

•  . *.  METHOD  ’  .  ‘A-  j; 

1, 

SYMMETRIC  INVERSE  ^ 

,2  ;  j 

/  GAUSS  ELIMINATION  .•  -  . ; 

» 

3 

CHOLESKY  TRIANGULARIZATION 

4 

t  GAUSS  WAVEFRONT 

;  Anything 

Else  (Default).; 

$  '  _  ■  , 

;  CHOLESKY  TRIANGULARIZATION 

Table  I  -  KALC  Seals*  Control  for  .ANALIC. 

i  ‘  *> .  •  ’  * 


SCALAR  2  (NNOM)  -  This  scalar  indicates  the  maximum 
number  of  grid  points  used  for  any  element  in  the  analysis. 
The  default,  value  is  8.  Table  II  displays  the  number  of 
grid  points  associated  with  each  element  in  MAGIC  III. 


This  scalar  is  the  maximum  number 


of  rows  in  the  stress  matrix  for  any  element  used  in  the 


analysis.  The  default  value  is  40.  Table  II  can  be  used  to 
choose  the  largest  value  of  NRSELM  for  any  element  used  in 


the  analysis. 
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ELEMENT 

NNOM 

.  -NRSEL  M  .  . 

1  Frame  : 

11  ' 

!  3 

12 

;  Incremental  Frame 

13  . ; 

;  3  ’  ; 

■-  IP  : 

Triangular  Thin  Shell 

•  so  ; 

:  6 

32  : 

»  Quadrilateral  Thin  Shell ; 

21  ! 

;  8 

ug 

Quadrilateral  Shear 
;  Panel 

'•  •  25.  ' 

:  4  i 

1 

Triangular  Plate 

27:  ' 

3 

•  8 

Quadrilateral  Plate 

•  28 

4  ! 

12 

\ 

;  Symmetric  Shear  Weh 

29 

2 

1  " : 

Toroidal  Ring  (Shell 

Cap) 

:  30 

? 

5  15 

:  High  A^-’ct  Ratio 

Quad7'  , .  ;eral  Thin 

She>„ 

38 

8  ^ 

>  v  ‘ 

4o 

Triangular  Cross-Section 
Ring 

4o 

3 

4 

Trapezoidal  Ring  (Core) 

4l 

4  ; 

2°  _• 

Tetrahedron 

50 

4 

6 

Triangular  Prism 
(Symmetric  Triangular 
Prism) 

51 

\ 

6 

6 

Rectangular  Prism 

52 

8 

6 

Table  II  -  Element  Classification  for  .ANALIC, 


I 
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(3)  .ANALIC.  As  An  Equation  Solver 

In  addition  to  using  the  .ANALIC.  instruction  with 
the  .USER04.  instruction,  .ANALIC.  can  be  utilized  as  an 
equation  solver  as  follows : 

The  equation  solvers  in  .ANALIC.  are  available  to 
use  on  any  system  Of  equations  with  symmetric  coefficient,  matrices. 


in 

(KxN) 


'M. 

(NxM) 


IB! 

(NxM) 


The  form  of  the  abstraction  instruction  used  in  this 

context  is: 

X,,,  «  *, , ,  /A,Bi ,  .ANALIC.  (KALC,N,M) 

where 

OUTPUT  MATRIX  i(X)  -  is  the  solution  vector  of 

order  (NxM), 

INPUT  MATRIX  6(A)  -»  is  the;  matrix  of  coefficients 

of  order  (NxN)  in  full  form. 
Note  that  matrix  A,  is  symmetric. 

INPUT  MATRIX  7(B)  -  Is  the  right  hatid  aide  vector 

of  Order  (NxM) 


SCALAR  1  (KAlQ)  -  This  scalar  Indicates  the  method  of 
solution  baaed  oh  the  following  Table: 


KALC 

METHOD 

1 

SYMMETRIC  INVERSE 

2 

GAUSS  ELIMINATION 

3 

chol'esxy  triangularization 

4 

GAUSS  WAVEFRONT 

Anything 

Else  (Default) 

CHOLESKY  TRIANGULARIZATION 
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SCALAR  2  (N)  -  ie  the  order  of  the  system  of  equatJ  oik;  . 
SCALAR  3  (M)  -  is  the  number  of  right  hand  columns. 


All  matrices  and  scalars  must  be  entered  with  the 
exception  of  Scalar  1  (KALC). 

(4)  Miscellaneous  Uses  of  .ANALIC. 

The  .ANALIC,  module  offers  considerable  flexibility 
to  a  User  and  its  generality  is  examined  in  detail  in  this 
section. 

The  most  general  format  of  an  .ANALIC.  instruction 
is  as  follows: 

DISPL, STRESS, FORCE, REACT  =  TR,SC,EM,XLD,PD,SUBK, 

SUBF,SUBL,GDIS .ANALIC. 
(KALC,  NNOM,NRS  ELM) 


(a)  Output  Matrices 

.ANALIC.  will  generate  any  combination  of  the  four 
output  matrices  DISfL,  STRESS,  FORCE,  REACT  based  on  the 
following  conventions.  To  generate  the  output  matrix,  enter  a 
name  in  the  appropriate  position  in  the  instruction;  To  suppress 
the  matrix  generation,  do  not  enter  a  name;  code  only  the  comma 
which  indicates  the  position  of  the  matrix  which  is  not 
generated;  i.e.,  if  only  stress®  are  desired,  and  TR,  SC,  EM, 
and  XLD  are  the  appropriate  matrices  output  by  a  prior  .USER04. 
instruction,  write: 

,STRESS ,.,  =  TR,SC,EM,XLD, ANALIC.  (3,,) 

The  format  of  the  output  matrices  generated  by 
.ANALIC.  are  as  shown  on  the  following  pages. 


Output  Matrix  One.  (PIS PL) 

Contents  -  Displacements "in  unordered  form 

Number  of  Rows  -  Number  of  degrees  of  freedom  in  total 

system 

Number  of  Columns  -  Number  of  load  conditions 

Column  Records  -  NDIR*NBEG  displacements  for  each  ' 

systbra  grid  point 

Output  Matrix  Two  (STRESS) 

Contents  -  Element  stress  matrices 

Number  of  Rows  -  Sum  of  number  of  rows  in  each  element 

stress  matrix 

Number  of  Columns  -  Number  of  load  conditions 

Column  Records  -  Element  stress  matrix  repeated  for 

each  element 

Output  Matrix  Three  (FORCE) 

Contents  -  Element  force  matrices 

Number  of  Rows  -  Sum  of  number  of  degrees  of  freedom 

in  each  element  force  matrix  repeated 
for  each  element 

Number  of  Columns  -  Number  of  load  conditions 

Column  Records  -  Element  force  matrix  repeated  for 

each  element 

Output  Matrix  Four  (REACTIONS) 

Contents  -  Reactions 

Number  of  Rows  -  Number  of  degrees  of  freedom  in  total 

system 

Number  of  Columns  -  Number  of  load  conditions 

Column  Records  -  NDIR*NDEQ  reactions  for  each  system 

grid  point 
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Matrix  is  of  the  order 
{MSQKL  X  J&) 
where 

mw 

»Tft82L  *  KRS^i 

1*1 

HL  »  ftusber  of  load  conditions 

Column  records  are  of  the  form 
LOAD, ZERO, NTRS EL, (M(I),I»laNTBSEL) 


FORMAT  OF.  OUTPUT  MATRBC  4  iRBfcCT 


REACTIONS  from  .ANALIC,  (Unordered  format) 


Load  Load  Load 
#1  #2  ,#NL 


Matrix  is  of  the  order 
.(•NSYS  x  NL) 

where 

NSYS  -NREF  *NDIR*NDEG 

NL  -  number  of  load  conditions 

Cdiump  records  are  of  the  form 

LOAD, ZERO,  NS  YS  „(W( I ) , 1=1, NSYS ) 

NREF  *■  number  of  reference  node 
Doints 


Matrix  is  of  the  order 
(NTELBM  x  NL) 

where 

NELEM 

NTGLEM  =  >  NORDi 

1=1 

NXi  =  number  of  load  conditions 

Column  records  are  of  the  form 
LOAD,  ZERO/ NTELEM  (  W  (  I  ),I=1 ,  NTELEM ) 


(b)  input  Matrices 

There  are  nine  possible  Input  matrices  for  the 
.ANALIC.  instruction.  The  first  three  matrices  reflect  the 
element  generation  information  obtained  from  a  ,USl?Ho4.  instruction 
and;  are  required  for  a  complete  statics  analysis  (Section  l  (  l 
if  .ANALiG.  is  used  as  an  equation  soever  only,  they  are  not 
input  (Section  111,0.3 ). 

Input  Matrix  !  (TR)  -  Is  a  transformation  matrix 
which  orders  the  system  into  the  0-1-2  order  used  by  the  .ANALIC. 
instruction.  This  matrix  is  usually' obtained  from  output 
matrix  position  six  of  the  ,:USER04.  instruction. 

Input  Matrix  2. (SC)<  -  Is  a  vector  of  system  constants 
generated  as  output  matrix  13  of  the  .USJER04.  instruction. 

Input  Matrix  3  (EM)  -  Is  a  matrix  Containing  the 
element  matrices  generated  by  the  .USER04.  instruction.  This 
matrix,  is  output  matrix  14  of  the  .. USER04.  instruction. 

Input  Matrix  4  (XLD)  (Optional).  -  Is  a  matrix 
containing  the  external  loading  columns  generated  by?  the  .USER04, 
Instruction  as  output  matrix  4.  This  matrix  Is  unordered  with 
load  scalar  as  first  row. 

Input  Matrix  5  (PD)  (Optional)  -  Is  a  matrix  containing 
prescribed  displacements  generated,  as  output  matrix  15  of  a 
,;USER04.  instruction.  This  matrix  Is  unordered. 

Input  Matrix  6  (SUBK)  (Optional)  -  Is  a  matrix  which 
contains  a  atiffenss  matrix  in  one  of  the  following  forms: 

(a)  if  input  matrix  8  is  not  present,  SUBK  is  a 
stiffness  matrix  of  order  MxM,  M <  N  where  N 
is  the  order  of  the  reduced  stiffness  matrix 
generated  in  the  .ANALIC.  module.  This  matrix 
must  be  ordered  the  same  way  that  the  stiffness 
matrix  in  .ANALIC.  is  ordered,  This  matrix  is 
added  to  the  stiffness  matrix  assembled  inside 
.ANALIC.. 
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(b)  If  input  matrix  8  is  presehtj  SUBK  is  a 
stiffness  matrix  of  order  M  J  N  where  N  is 
the  maximum  order  of  the  reduced  stiffness 
generated  in  the  .ANALIC;,  module.  This  matrix 
does  not  have:  to  he  ordered  the  same  way  that  the 
reduced  stiffness  matrix  is.  Input  matrix  8 
is  the  transformation  matrix  which  will  map  the 
degrees  of  freedom  into  the  assembled  system 
degrees  of  freedom.  SUBK  can  then  be  added 
to  the  stiffness  matrix  .generated  in  .ANALIC.. 


(Optional.)  -  Is  a  matrix  Which 


contains  applied  loads  in  one-  of  the  following  forms: 


(a)  If  input  matrix  8  is  not  present,  SUBF  is  an 
applied  load  matrix  of  order  (Mxl)  M  <  N  where  N 
is  the  order  of  the  asseabled/reduced  applied  load 
column.  This  matrix  must  be  ordered  the  same  way 
as  the  assembled/feduced  applied  load  column 

in  .ANALIC.,. 

(b)  If  input  matrix  8  is  present,  SUBP  is  an  applied 
load  column  of  order  M  <  N  where  N  is  the  order 
of  the  applied  load  column  used  in  .ANALIC.. 

This  matrix  may  be  unordered  as  long  as  input 
matrix  8:  Is  present  tc  order  this  matrix  the 
same  way  as  the  assembled  applied  load  column 
in  i ANALIC.  *.  SUBP  can  then  be  added  correctly 
to  the  applied  load  column  inside  .ANALIC. . 


(Optional)  -  Is  a  matrix  which 


maps  input  matrices  six  and/or  seven  into  the  assembled  system 


used  inside  .ANALIC..  This  matrix  is  of  order  Mxl  where  M 


is  the  order  of  input  matrices  seven  and  eight. 


Input  Matrix  9  (GDXS.j  (Optional)  -  Is  a  matrix  which 
is  reserved  for  future  system  use,  it  has  ho  meaning  presently 
for  .ANALIC. ,  See  Reference^  ProgfooBter’s  Jtenual  for  the 
procedure  required  to  add  a  new  equation  solver  to  the  iANALIC’. 
Module, 

KALC,  NNOH  and?  NRSELM  were  explained  in  detail 
in  Section  1X1, C ^2.  '  . 

c.  Additional  Abstraction  Instructions  Available 
in  MAGIC  III  to  Perform  Structural  Analyses 

(!)  Introduction 

In  the  MAGIC  II  System  for  Structural 
Analysis,  the  procedure  for  performance  of  the  following  types 
of  analyses  was  described  in  detail  on  Pages  39  thru  92  of 
Reference  5>  the  companion  volume  to  the  subject  document. 

1.  Statics 

2,.  Static*  With  Condensation 

3.  Statics  With  Prescribed  Displacements 

4.  Stability 

5.  Dynamics  (Modes  and  Frequencies) 

6.  Dynamics  With  Condensation. 

In  the  subject  document,  the  procedure  to 
perform  a  linearly  elastic  stress  analysis  using  the. 
triangular  ring  which  accommodates  asymmetric  load  will  be 
discussed  and  explained  in  detail.  In  addition,  additional 
Agendums  for  conventional  linear  elastic  static  analysis, 

•statics  analysis  with  condensation,  static  analysis  with  prescribed 
displacements,  elastic  instability  analysis,  dynamic  analysis 
(with  and  without  condensation)  and  free-free  dynamic  analysis 
(with  and  without  condensation)  are  listed. 


The  analyse*  listed  above  way  be  performed 
in  two  different  way®.  In  the  first  the  User  can  elect  to 
place  the  proper  set  of  abstraction  instructions  in  front  of 
his  structural  input  data  deck  for  any  given  analyses.  The 
second  option,  utilizes  the  Agendum  Level  abstraction  capability 
Which  has  been  incorporated  into  the  MAGIC  II  and  MAGIC  III 
Systems.  Using  this  option,  the  abstraction  instructions  for 
the.  type  of  analyses  desired  are  automatically  generated  by 
the  System  when  the  User  specifies  the  corresponding  option 
on  the  ^INSTRUCTION  Card.  This  Agendum  level  capability 
Will  be  discussed  in  detail  after  the  presentation  and 
explanation  of  the  newly  available  abstraction  Instructions . 

(2)  Statics  Instruction  Sequence  Using  Triangular 

Ring  With  Asymmetric  Loading  (STATICS  ASYM) 

Figure  11-2  present®  the  suggested  set  of 
abstraction  instructions  for  use  in,  performing  a  linearly 
elastic  displacement  and  stress  analysis  using  the  triangular 
cross-section  ring  which  accommodated’  asymmetric  loading.  This 
finite  element  and  instruction  for  Its  proper  use  will  be 
explained  in  detail  in  the  following  section.  In  addition, 
a  sample  problem  showing  the  type  of  input  required  and  the 

t 

output  obtained  for  this  element  is  presented  in  Section  III. 

Before  explaining  Figure  II-2,  two  key 
abstraction  Instructions  used  in  this  Agendum  are  defined. 

. HD ECO.  ~  Extracts  the  harmonic  dependent  element 

stiffenss  matrix  and  updates  the  harmonic  loop 
control  matrix 

Instructions  are  of  the  form:. 

HLC,HM1  «  CF,EM,SC.HDEC0. 
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There  are  two  output  matrices  and  three  input  matrices  for 
this  instruction. 


Output  matrix  HLC  -  is  the  harmonic  loop  control  matrix 
Output  matrix  HM1  -  is  the  harmonic'  dependent  element 

stiffness  matrix 


Input  matrix  CP 


Input  matrix  EM 


Input  matrix  SC 


~  Is  the  input  harmonic  loop  matrix  to 
be  updated  by  this  instruction.  This 
matrix  is  used  to  form  the  output 
matrix  HLC 

-  is  generis  ted  by  the  .USER04. 
instruction  and  contains  all  the 
element  stiffness  matrices  for  all 
desired  harmonics 

-  is  generated  by  the  .USER04.  instruction 
and  is  a  matrix  of  system  constants 
which  contains  such  items  as  the  total 
number  of  elements  and  the  harmonic 
number 


.HSUM.  -  Computes  the  sums  o i'  harmonic  stress,  the  sum 
of  harmonic  displacements  and  the  sum  of 
reactions . 


Instructions  are  of  the  form: 

SUMS,SUMD,SUMR  *  SC,INPS,INPD,INPR.KSUM. 

There  are  three  output  matrices  and  four  input;  matrices 
for  this  instruction. 

Output  matrix  SUMS  -  is  the  harmonic  sum  stress  matrix 

Output  matrix  SUMD  -  is  the  harmonic  sura  displacement  matrix 

Output  matrix  SUMR  -  is  the  harmonic  sum  reaction  matrix 
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Figure  II-2  STATICS.  Agendum  for  Triangular  Ring  with 
Asymmetric  Loading  ... 


srjtt*  *  sm?  .aojoik*  $ti  /i/ 

XQiSift  *  XOU?  .AOJQIH.  Ml  ?*/ 

icr«»  i  krn?  .Musi*,  act i  /*/ 

Sf  *  HLC  .NULL,  )  6d  TO  10*0 
1020  subsist  SUMU12,  $W«U-rSC*  5712  «  XQ12  ,  ACT  12 

if  (  Htc  nt  .null*  J  so  to  idoo 

1030  SttUli*  SUMDU,  SljtWSi  *  SC,  ST313,  XOljU*  ACT313 
IF  C  HLC  74/  .MUk  1  CO  TO  1000 
1040  SUMSlV,  SUKDH,  SUMA41  *  SC,  ST 414,  X04A4,  ACT414 
IF  T  HLC  fit  .mu  I  CO  TQ  1000 


1030  SUMS15,  SUMD15,  SUMR51  *  SC,  STS15,  X0S1$*  ACT515 
IF  {  HLC  ■/*/  .NULL*  J  60  TO  1000 
1060  SUHS16,  SUMOU,  SUHR61  *  SC,  STSU,  XOM*,  ACT6J.6 
IF  C  HLC  nf  .NOLL*  I  60  TO  1000 
1070  S UK SI  7,  SUMDJ.7 ,  SUNR71  *  SC  ,  ST  717,  XC717,  ACTU7 
.  IF  I  HLC  /#/  .NULL*  J  60  TO  1000 
UfiO  S  UK  SI  8,  SUKOU,  SUMR81  »  SC,  ST818,  X0818,  ACT»18 
1000  CM  «  CA  .RENAME. 


i 


ouUimo  ( 

00100^20  ! 

dul005»3JI  I 

0014,0840 

.HSUH. 

^OlOoSbO  j 

- 

obiooibu  | 

.HSUH. 

oajoois  ?i> 

.HSUH, 

00100380 

001005VO 

- 

001006U0 

1 

J 

»H$UN* 

1 

! 

OOiOOblO  j 

•HSUH, 

OOiU0b2O 

boioobic 

001006*0 

.HSUH. 

J&01U0680 

.HSUH. 

00100660 

00100670 

00100680 

? 


) 

( 

i 

i 


Figure  II-2  {Concluded) 
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Input  matrix  SC  -  Is  a  matrix  of  system  constants 

generated  by  the  .USER04.  instruction. 

Input  matrix  INIS  -  is  the  input  stress  matrix  to  be 

summed.  This  matrix  contains 
element  stresses  for  each  element 
and  for  each  harmonic. 

Input  matrix  INPD  -  is  the  input  displacement  matrix  to 

be  summed.  This  matrix  contains 
displacements  for  each  harmonic. 

Input  matrix  XNRR  -  is  the  input  reaction  matrix  to  be 

summed.-  This  matrix  contains 
reactions  for  each  harmonic.. 

Table  |II  is  provided  to  give  explicit  definition 
to  the  STATICS  Agendum  for  the  Triangular  Ring  with  Asymmetric 
Load  illustrated  in  Figure  H~2.  Engineering  definition  for 
each  abstraction  instruction  which  is  executed  by  the  System 
is  set  forth  in  detail. 
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TABLE  III 

STATICS  INSTRUCTION  SEQUENCE  -  TRIANGULAR  RING 


STATEMENT 

NUMBER 

;(ASSYMETRIC  -LOADING) 

INSTRUCTION  AND  EXPLANATION  -  - 

1 

,MAT, , ,TR, ,KEL,FTEL,SEL,STEL, , ,SC, EM=, , , . USER04 . 

Generates  harmonic  numbers,  harmonic  coefficients, 
and  element  matrices  for  each  harmonic  number. 

The  controls  KEL,  FTEL,  SEL,  3TEL  must  be  present 
to  cause  these  matrices  to  be  generated  in  EM.  MAT 
is  an  optional  material  library  maintained  by  the 
user.  TR  and  SC  matrices  are  transformation 
and  system,  control  matrices  respectively.  Statement 
numbers  (g> ,  0,"  Snd  (§)  generate  the  harmonic 
loop  control  CP  for 

5 

CA,CB  =  SC. DEJOIN.  (4,1) 

6 

CC,CD  =  CA. DEJOIN.  (3,1) 

7 

CE,HLC/1/  «='  CD. DEJOIN.  (1,0) 

These  statements  are  needed  to  generate  the  harmonic 
loop  control  matrix  HLC/1/  which  has  the  dimension 
of  1  x  1.  The  control  number  in  this  matrix  should 
be  greater  than  zero  and  less  than  12, 

8 

TR1,TR12  =  TR.DEJOIN. (SC(5,1),1) 

r™ --1  =  [tr] 

1 TR12J 

Forms  matrix  TR12  which  when  transposed  will  regenerate 
the  reduced  displacement  into  the  non-reduced 
displacement. 

9 

Repeat  (13,  8  ) 

Generate  the  following  13  statements  8  times.  The 
index  of  each  matrix  will  be  increased  by  one  for 
each  REPEAT, 

10 

HLC/2/, EM1/2/-HLC/1/,  EM, S  C . HDECO . 

Updates  the  harmonic  loop  control  matrix  HLC/1/  by 
decreasing  its  control  value  by  one.  If  the  control 
value  is  equal  to  zero,  then  a  null  matrix  will  be 
output  as  HLC,  otherwise  a  matrix  HLC  with  the 
dimension  of  1  x  1  will  be  output. 

Extract  the  element  stiffness  matrix  EMI  from  the  total 
set  stiffness  EM.  The  extraction  is  dependent  on  the 
harmonic  loop  control  value. 
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.TABLE  III  (Continued ) 


STATEMENT 
.  NUMBER 

...  INSTRUCTION  AND  EXPLANATJON 

'll 

SAi/i/ ©tt/a/.AssEMikcj^io) 

Generates  the  assembled  stiffness  matrix  SA1/1/ 
in  form  of  0-1  ordered  system:  for  harmonic  number  one. 

SC  contains  system  constants  which  are  required  by 
the  .ASSEM.  module's 

12 

LAl/1/  =  EM1/2/.ASSEM.SC,  (4.) 

Generates  the.  assembled  element  applied  load  column 
in.  the  0-1  ordered  -system  from  the  harmonic  one  element 
stiffness  matrix  EMli  SC,  contains  system  constraints 
which  are  required  by  the  .ASSEM.  modules . 

13 

RE1/1/,RE2/1/  «  SAl/l/.DEJOIN.  (SC(5fl),l) 

[ill]  =  [SA1] 

The  NMDB  rows  of  SA1  which  correspond  to  the  l's 
are  forwarded  In  the  RE2  matrix. 

14 

LE1/1/,LE2/1/  =  RE2/1/. DEJOIN.  (SC(5,1),0) 

[LEI/1/,  LE2/1/]  *[rE2/1/] 

The  (NMDB  x  NMDB)  reduced  harmonic  one  element 
stiffness  matrix  LE2  is  forwarded. 

15 

BX/l/}  Xl/1/  =  LE2/1/ .  CHTRIA,  LAl/1/ 

Solves  for  the  harmonic  one  displacements  in  the 
reduced  system  XI  by  using  Cholesky  method  to  solve 
the  system  of  simultaneous  equation. 

16 

XX1/1/  =  TR12.TMULT.X1/1/ 

XX1/1/  =  [TB12]jT,[xi/l/3 

Forms  unordered  system  of  displacements. 

17 

X01/1/  =  TR . MULT . XXl/l/ 

[xoi/i/]  »  [tr][xxi/i/] 

Forms  0-1  ordered  displacement  columns  in  X01, 

18 

STl/l/  =  EMl/2/,X0l/l/. STRESS.  (4.) 

Calculates  net  element  stresses  for  each  element. 

19 

ATT1/1/  =  SA1/1/ . MULT .XOl/1/ 

ATT1/1/  =  [SA1/1/]  [X01/1/J 

To  form  system  displacement  vector  ATT1  by  multiplying 
the  0-1  ordered  displacement  vector  with  the  0-1 
ordered  stiffness  matrix  SA1. 

mBw 

20 

'  .  ""1 

Generates  the  System  applied  load  vector  &B1/1/  1 

from'  the  -element  stiffness  matrix  Ml  km  the  awata#  1 
,  matrix.  SO, 

21 

ACTX/l/  «  ATTiAASUBT.IPlA/. 

ACT1/1/  «  [AmA/J  -  ttsi/i/] 

Generates  tha  reaction  vector  ACT!  by  «Ubstrectl«i* 
the  system  applied  lotd  Vector  from  the  system 
displacement, 

22 

If  (HLC/2/.NUli,. )  go  to  200, 

Test  the  harmonic  control  matrix  HLC/2/  for  number 
of  harmonic  loops 

23 

200  If  (HLC/2/.NULLi )  go  to  2000 

If  the  harmonic  number  is  equal  to  one.  then  go  to 
statement  25, 

24 

If  (HLC/3/.NULL.)  ;go  to  3000 

;  If  the  harmonic  number  is  greater  than  one,  then 

go  to  statement  25, 

25 

2000  SUM1,SUMD1,SUMR1  *  SC#STl/l/iX01/l/,ACTl/l/.HSUM. 

Compute  the  sum  of  element  Stress,  the  sum  of 
displacements  and  the  sum  reactions ,  and  output  the 
sum  of  element  stresses,  the  sum  of  displacements  and 
sum  of  reactions.  This  statement  is  used  when  the 
harmonic  number  is  equal  to  one. 

26 

If  (HLC/2/.NULL.,)  go  to  1000- 

Branch  to  statement  1000  to  terminate  the  analysis. 

27 

3000  ST12  *  STl/l/e ABJ OIN. ST1/2/ 

Adjoin  the  element  stress  ST1/1/  matrix  for  harmonic 
one  with  the  element  stress  ST1/1/  matrix  for 
harmonic  two. 

28 

X012  *  XX1/1/. ADJOIN. XX1/2/ 

Adjoin  the  system  displacement  XX1/1/  for  hsrmonic 
one  with  the  system  displacement  XXl/l/  matrix  for 
harmonic  two. 

29 

ACT12  *  ACT1/1/.  ADJOIN, ACT1/2/ 

Adjoin  the  system  reaction  ACTlA/  matrix  with  the 
system  reaction  ACTlA/  matrix  for  harmonic  two. 

31*3* 
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Mtrlx*Hto/*/h^r,IOftio  v*lu*  Ln  ^‘^nlc  control 

BleeeLin^fS1?^  ******  «*tricea,  ey*ts«  dia- 
S*5^t^trlf**^f-Vst*“-r**ctlon  "wtrice*  for 
ifehTiM  three,  fonr,  five,  six,  seven, 

&»«**££  S^a*0”10  ?,iu* ln  h'raonlc 

1020  SUMS12,SUWD12,SU>ffil2HSCJST12,X012,ACT12.HSUM. 

aiapiacattents  and  ths  sun  reactions,  end  cutout  the 

aS  of  riaetiL!***!*?!!'  JhJ  *am.of  displecenenta  and 
aun  or  reactions ,  Thii  atatanant  la  uaad  when  the 

harmonic  nunbar  is  equal  to  two. 


If  )  go  to;  1000- 

Branch  to  statement  jpOO  to  terminate  the  analysis. 

1036  Sln^i3>SUM)l3*8jJ*6(l3ll "SC, ST313>  X0313;,  ACT313 . HSUM, 

Compute  the., sue  of  element  stress,  the  sum  of  dis¬ 
placements  And  the  sue  reaction* ,  end  output 
the  sum  of  moment  stresses,  the  turn  of  displace* 
mint*-  shd  su*  of  reactions:.  -  This  statement  is  used 
shin  the;  ftarienlc  nusibef  is  eqGal  to  three. 

if  i(aw3/4^.»uia,f  go,  to.  iobb 

Brunch  to  stettaent  1000  to  terminate  the  analysis. 

1040  SUM8l4>3UMDl4 ,  C , ST4l4 f X04l4 ,  ACl4l4  .hsum. 

Compute  the  sue  of  element  s trees,  the  sum  of  dis¬ 
placements  and  the  sum  reactions,  and  output  the 
sum  of  element  stresses f  the  sum  of  displacements 
end  sum  of  reactions.  This  statement  1b  used  when 
the  harmonic  number  is  equal  to  four. 

If  (KLC/5/.NULLo )  ftO  to  1000 

Branch  to  statement  1000  to  terminate  the  analysis. 

1050  SUMB15 , 3UMD15 » SUMR51*SC>  ST515* X0515 , ACT515 .HSUM. 

Compute  the  sum  of  element  stress,  the  sum  of  dis¬ 
placements  end  the  sum  reactions  „  and  output  the 
sUm  of  element  stresses,  the  sum  of  displacements 
and  sum  Of  reactions.  This  statement  is  used  when 
the  harmonic  number  is  equal  to  five. 

If  (H&C/6/.WLL.)  go  to  1000 

Branch  to  statement  1000  to  terminate  the  analysis. 

1060  SUMSl6,SUMDl6,SUMR6l-SC,ST6l6,X06l6,ACT6l6.HSUM. 

Compute  the  sum  of  element  stress,  the  sum  of  dis¬ 
placements  and  the  site  reactions,  and  output  the 
sum  of  element  stresses,  the  sum  of  displacements 
and  sum  of  reactions.  This  statement  is  used  when 
the  harmonic  number  is  equal  to  six. 

If  (HLC/7/.NULL.)'  go  to  1000 

Branch  to  statement  1000  to  terminate  the  analysis. 

1070  SUMS17 »SUMD17, SUMR71s,S C, ST717 » X0717, ACT717 .HSUM. 

Compute  the  sum  of  element  stress*  the  sum  of  dis¬ 
placements  and  the  sum,  reactions,  and  output  the. 
sum  of  element  stresses,  the  sum  of  displacements 
and  sum  of  reactions.  This  statement  is  used  when 
tha  harmonic  number  is  equal  to  seven. 


TABLE  HI  (Concluded) 
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INSTRUCTION  AND  EXPLANATION;,  „ 


66 


67 


68 


If  (HLC/8/.NULL.)  go  to  1000 

Branch  to  statement  ,1000  to  terminate  the  analysis. 

1080  3UM3l81SUMDl8,SUMR8l-eC,ST8l8>X08i8>ACir8l8,HBUM. 

Compute  the;  sum  of  element  stress,  the  sum.  of 
displacements  and  the  sum  reactions,  and  output 
the  sum  of  element  stresses j  the  sum  of  dis¬ 
placements  and  sum  of  reactions.  This  statement 
is' used  when  the  harmonic  -number  is  equSl  to  eight. 

CAA  m  CA. RENAME; 

This  instruction  terminates  the  analysis; 


(3)  Alternate  Statics  instruction  Sequence  Lisin# 

Triangular  Ring  with  Asymmetric  Loading 

Figure.  ,I-I~3‘  presents  an  alternate  set 
of  abstraction  instructions  for  use  in  performing  at-  linearly 
elastic,  displacement  and  stress  analysis  using  the,  triangular 
cross-section  ring  which  accommodates  asymmetric  loading.  It 
is  noted  that  the  suggested  aet  of  instructions  presented  in 
Figure  XI-2  made  frequent  use  of  the  REPEAT  option  available 
to  MAGIC  III.  {Note  Statement  9)  This  REPEAT  option  was 
explained  in  detail  on  pip.  9;  thru  12  of  this  report, 

:The  instructions  presented  in  Figure  II-3 
do  not  make  use  of  the  REPEAT  option.  Consequently,!  sets 
of  instructions  are  written  separately  for  each  harmonic 
considered  in  the  analysis.  It  is  noted:  from  Figure  II-3 
that  thirteen  statements  are  required  for  each  harmonic  which 
is  considered.  (Statements  28  thru  4l  for  Harmonic  Number  2 
for  instance.)  With  this  in  mind,  it  is  suggested  that  the 
standard  set  of  instructions  from  Figure  II-2  be  utilized 
for  most  problems.  However,  the  User  has  the  option  (if 
he  prefers)  of  using  the  .instructions  as  outlined  in 
Figure  II-3  which  are  given  explicit  engineering  definition  in 
Table  IV. 
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c  assymmetrig cross section  ring  uimur'  •> 

C?~~  SKMWA^f  »»««*•  STIFFNESS  NA7M  X 

»NAT »»  *TR ,,  KEt ,FT£LYSEL ,$T£t » »»SC ,  EM,  »  ,»,  .USER04. 

NEXT-  THREE  INSTRUCTIONS  GENERATE  HARMONIC  LOOP  CONTROL.  CF  MATRIX 
CA,C8  *  SC  .OEJOIN.  I 4* l I 
CCfCO  *  CA  .OEJOIN.  1 3,1). 

CltCR  -  CO  •REJOIN*  (1,0) _  _ 

C*»— -  EXTRACT  STIFFNESS  MATRIX  FROM  MASTER  STIFFNESS  MATRIX 
C— DECREASED  LOOP  CONTROL  MATRIX  B*  ONE 
HLC  ,  EMI  •  CP,  EH,  SC  .HOECO. 

C-*-- ASSEMBLE  STIFF  MATRIX  FOR  HARMONIC  ONE 
SAI  «  EMI  *ASSEM*  SC*  HOT  ;\.. 

'C-“.r-\ GENERATE  SYSTEM  APPLIED  LOAO  FOR  HARMONIC  ONE 
4AI  f  EMI  .ASSEM.  SC,  141..  . 

RE1»RE2  «  SAI  .SEJOIN.  (SCI  9, 11,1) 

LEI  ,LE2  «  RES  .OEJOIN.  (SC(9,1)»0) 

81,  XI  «  LEE  iCHTRIA.  LAI 
TRl,TRI2  •  TR  .OEJOIN.  CSC19»D,1) 

xxi  •  mi  .thult.  xi 

KOI  «  TR  .NULTi  XXI 

SU  •  EMI »  XOl  .STRESS.  14*1 

ATT I  «  SAI  .MUtT.  XOi 

til  •  EMI  .ASSEM.  SC  »  (40) 

ACT!  *  ATT!  .SUST.  LSI 
—  TEST  HARMONIC  LOOP  CONTROL  MATRIX 
IF  (  HLC  .NULL.)  GO  TO  100 
C----  IF  more  THAN  ONE  HARMONIC  FOLLOWING  THIS  MATH 
HLC I.  CM2  «  HLC  »  EM*  SC  .HOECO. 

SA2  •  EM2  .ASSEH.  SC,  (10) 

LA2  *  EM2  .ASSEN.  SC,  <41 
RE3»RE4  -  SA2  .OEJOIN.  (SC(9fl),l) 

L£3«LE4  «  RE4  .OEJOIN.  <SC(9»lt,9l 

82,  X2  «  L£4  .CHTRIA.  LA2 
.  XJJ2  ■  TR12  . TMULT.  X2 

X02  «  TR  .MULT.  XX2 

ST2  -  EM2 «X02  .STRESS.  (4,1 

ATT2  *  SA2  .MULT.  X02 

LB2  -  EK2  .ASSEH.  SC  ,  (40) 

ACT2  «  ATT2  .SUIT,  L82 

test  harmonic  loop  control  MATRIX 
IF  €  HLCI  .NULL.  )  GO  TO  290 
IF  MORE  THAN  3  HARMONIC  FOLLOWING  THIS  PATH 
HLC2,  EN3  -  HLCI,  EN,  SC  .HOECO. 

5 A3  *  EN3  .ASSEH.  SC,  (10) 

LAS  •  EM3  .ASSEH.  SC,  (4) 

RE5.REG  «  SA3  .OEJOIN.  f$C(9,I),t) 

LE5,LEG  -  REG  .OEJOIN.  (SC(9,I),9) 

63,  X3  *  LEG  .CHTRIA.  LAS 

XX3  ■  YR12  .TMULT*  XS 

X03  «  TR  .MULT.  XX3 

STS  »  ENSfXQS  .STRESS.  (4,1 

ATT3  *  SAS  .MULT.  X03 

LBS  -  EN3  .ASSEM,  SC  ,  (401 

ACTS  «  ATT*  .SUST.  LSS 

IF  (  HLC2  .NULL.  )  GO  TO  200 

HLC3,  EM4  «  HLCI,  EM,  SC  .HOECO. 

SA4  •  6N4  .ASSEM.  SC,  (10) 

LA4  «  CM4  .ASSEM.  5Cr  (4) 

RifjRKB  •  SAG  .08J0IN.  CSC(9»l),l) 

LET, LEG  «  RIG  .OEJOIN.  ISC(»,ll«0) 
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:i »4j  X4  »  LSI  .CNYR1A.  LA4 
XX4  «  TA12*THUt?,  X4 
X04  •-  TR  .NWfcYi  :)t}|4' 

ST4  «  EM4*X04  .STRESS.  J4») 

ATT*  -  SA4  .Ntf-T*  JHH 

L»4  •  II*  .AS Ml.  SC  f  (433 

ACT4  «  ATY4  .SUIT.  184 

IF  {  HLCJ  .mu  i  98  70  200 

Ht€4*  EM*  *  HLCJ,  EM*  SC  .NOECO, 

SM  »  SMI  »ASS€M.  SC*  Si 91 

las  •  ims  •mtn.  sc*  <4> 

REf.REiO?  SAS  .CfJOIN.  CSCIStllflt 
LEftLClO*  Ml  .OfJOIM*  (SCtS.ltiO) 

Mi  X*  »  LiiO.CHYRIA.  us 

XXS  *  TRU  .TMUiT.  XS 

XOI  »  TR  .MULT*  XXS 

ITS  «  IMS.XOS  .STRESS.  <4*1 

ATTS ;,A  SA5  •MWtf*  xos 

LBS  «  IMS  eASSSM.  SC  «  (40J 

ACTS  *  ATT*  .SUIT*  LIS 

IF  i  HLC4  .NULL.  I  90  TO  100 

HLCS,  'IMA:  *  MtC4*  CM,  SC  .HOI CO. 

SA4  «  IMA  .ASSfM.  SC* <10 I 

LA6  «  EMA  *  ASSEM*  SC*  (4) 

im*MU  -  SA4  .9EJ01N.  (SC(S»l)*l) 

tSU.LKU  *  Mil  •  DIJOSNa  <SC(S*1)»0) 

14*  X4  *  LEU  .CHTRIA.  U4 

XX4  «  TUI  .THULT*  84 

X04  *  TR  .MULT.  X84 

ST4  *  IMA.  804  •  STRESS.  14*1 

ATT4  >  SA4  .MOLT.  X04 

L86  «  EMA  .ASSEM.  SC*  (401 

ACTA  *  ATT4  .SUET.  LM 

IF  i  MLCS  .MULL.  I  60  TO  200 

HLC4*  CM7  *  HLCi*  KM*  SC  .MOACO. 

SAT  -  IK?  .ASSEM.  SC* (101 

LA7  *  CM7  .AMEN.  SC*  (41 

RE1S*REI4  •  SAT  .OEJOIM.  <Sf.(S*l)«l) 

LC1S.LC14  -  RE14  •  Of  JOIN.  <SCti*l)*0» 

ST*  XT  *•  LC&4  .CHTKIA.  LAT 

A  XT  •  TKU  .TNOLT.  XT 

Mat  •  TR  .MULT.  XXT 

ST?  *  (MT*  XOT  .STRESS.  <4») 

ATT.T  •  SAT  .MOLT.  XQ7 
tlT  »  CMT  .ASSEM*  SC,  (40) 

ACT?  •  ATTT  .SOOT.  1ST 
IF  (  HLC4  .MOLL.  )  9C  TO  200 
HUT*  EM*  •  HLC4*  IN*  SC  .HOECO. 

SAO  ■  SMI  .AS SEN*  SC* (10) 

LAI  »  EMI  .ASSiM.  SC,  (4) 

RIIS.REIA  '•  SAO  .01  JOIN.  ($C(S*1),1I 

LS1S»LE14  RI1A  *  DC JOIN.  (SC(S,1)*0) 

•  I*  X#>  LC14  .CHTRIA.  LAI 

XXI  i  OH)  .TNOLT.  XI 

XOI  •  TR  *NOLT.  XXI 

STI  *  INI*  XOO  .STRESS.  (4*) 

ATT!  •  SAI  .NOLT.  XOI 
LM  *  EM  .ASSEH.  SC*  (40) 

ACTI  •  AYTO  oSOOT.  LM 
IF  (  MU 7  .NULL.  I  00  TO  290 
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200  STM  *  $n  •ADJOIN.  ST2 
X012  «  XXI  .ADJOIN*  XX2 
ACT12  •  ACT I  .AOJOIN.  ACT2 
IF  I  HLCi  .NOLI,  tft)  TO  1020 
STS  IB  •  ST12  .ADJOIN.  STS’ 

X0313  •  XG&2  .AO JOIN.  XXS 
ACTS! 3  -  AC  T12  * ADJOIN.  ACTS 
IF  t  HLCI  .NULL.  TOOTO  1030 
ST414  *  SY313.A0J0IN.  ST4 
X0414  •  X0313.A0JQIN.  XX4 
ACT4I4  *  ACTS!)  .ADJOIN.  ACT4 
IF  1  HLCI  .NULL.  ISO  TO  1040 
STSIS  *  ST414. ADJOIN.  STS 
X091S  -  X0414.A0J0IN.  XXS 
ACTSIS  «  ACT414  .AO JOIN.  ACTS 
IF  I  HLC4  .NULL.  ISO  TO  1090 
ST416  »  ST91S  .ADJOIN.  STS 
X0A1S  *  X0S15  .ADJOIN.;  XXS 
ACTSlA  -  ACTSiS  .ADJOIN.  ACTS 
IF  (  MLCS  .NULL.  I  SO  TO  1040 
$.7717  «  STS1S  .ADJOIN.  ST7 
X0717  *  X0S1S  .ADJOIN.  XX7 
ACT 71-7  «  ACTSIS  .ADJOIN.  ACT7 
IF  i  HLCi  s NULLs  I  €0  70  2070 
ST81S  -  ST717  .ADJOIN.  STS 
X0S1S  «  X0717  .ADJOIN.  XX« 

ACTSIS  «  ACTT17  .ADJOIN.  ACTS 
IF  I  HLC7  .NULL.  I  SO  ?4.  1080 

1020  SUNS12,  SUN012 »  SUNNI 2  a  SC*  ST12  ,  X012  »  ACT 12  .HSUN, 

IF  (  HLCI  .NULL.  I  60  TO  1000 

1030  SUNS13«  SUWD13.  SUNNS1  •  SC,  ST 313,  X0313*  ACT313  .HSUN. 
IF  i  HLC2  .NULL.  I  80  TO  1000 

1040  SUNS14,  SUN014,  SUNN41  *  SC,  ST414,  X0414,  ACT414  .HSUN. 
IF  I  HLC3  .NULL.  »  60  TO  1000 

1050  SUHS15,  SUN015,  SUNNS 1  -SC,  STSiS,  XOSISs  ACTSIS  .HSUN. 
IF  C  HLC4  .NULL.  I  60  TO  1000 

1060  SUN  SIS?,  SUN01S,  SUMNS1  •  SC,  STSIS,  X0S1S,  ACTSIS  .HSUN. 
IF  (  HLC5  .NULL.  I  GO  TO  1000 

1070  SUNS7S,  SUN017,  SUNNTi  »  SC,  ST717,  X0717,  AC 77 17'  .HSUN. 
IF  I  HLC6  .NULL.  ISOTO  1000, 

1080  SUNSSS,  SUN018*  SUNNS 1  •  SC,  STSIS,  XOSlt,  ACTSIS  .HSUM. 

IF  I  HLCT  .NULL.  I  60  TO  1000 
100  SUNlfSUNOl, SUNNI  »  SC,  STly  XXI,  ACU  .HSUN. 

1000  CAA  a  CA  oNINANE. 
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TABLE  IV 

ALTERNATE  STATICS  INSTRUCTION  SEQUENCE 
TRIANGULAR  RING  -  ASYMMETRIC  LOADING 


INSTRUCTION  AND  EXPLANATION: 


,MAT, ,  , TR,  ,/KEL, FTEL/SKL, iVJ'LiL, ,  ,00;,  EM  . , ,  .W.KKO*l 


Generates  harmonic  numbers*,  harmonic  cueiTieieniu, 
and  element  matrices  for  each  harmonic  number. 

The  controls  KEL,  FTEL,  SEL,  STEL  must  be  present 
to  cause  these  matrices  to  be  generated  in 
EM.  MAT  is  an  optional  material  library  maintained 
by  the  user.  TR  and  SC  matrices  are  transformation 
•end  system:  control  matrices  respectively.. 

Statement  numbers  (f) ,  ©  ,  .and;  ®  generate  the 
harmonic  loop  control  CF  for 


CA ,  CB-SC. DEJOIN .  (4,1)  . 

CC,CD»CA. DEJOIN.  (3,1) 

•CE,CF-CD,DEJOINv  (1,0) 

These  statement  numbers  generate  the  harmonic  loop 
control  CF  which  Has  the  dimension  of  1  x  1.  The 
control  comber  in  this  matrix  should  be  greater 
than  zero  and  less  than  seven. 


HLC,EM1-CF,EM,SC.HDEC0 

Updates  the  harmonic  loop,  control  matrix  CF  by 
decreasing  its  control  value  by  one.  If  the  control 
value  is  equal  to  zero,  then  a  null  matrix  will  be 
output  as  KLCj  others iwe  a  matrix  HLC  with  the 
dimension  of  1  x  1  will  be  output. 

Extract  -cn^  element  stiffness  matrix  EMI  from  the 
total  set  stiffness  EM.  The  extraction  is  dependent 
on  the  harmonic  loop  control  value. 


SA1-EM1.ASSEM.SQ,  (10) 

Generate  the  assembled  stiffness  matrix- SAl  in 
form  of  0-1  ordered  system  for  harmonic  number  one.  S 
contains  system  constraints  which  are  required  by  the 
.ASS EM,  modules. 


LAI-  EMi.ASSEM.SC,  (4.) 

Generates  the  assembled  element  applied  load  column 
in  the  0-1  ordered  system  from  the  harmonic  one 
element  stiffness  matrix  EMI,  SO  contains  ’system 
constants  which  sre  required  by  the  .ASSEM.  modules. 


TABLE  IV  -  (CONTINUED) 

,  ..  INSTRUCTION  AND  .EXPLANATION  .  1  ' 

REl/RE2=SAl  .DEJOIN,.  (SC(  5, 1:),1) 

pl§~  H 

The  NMDB  rows  of  SAl  which  correspond  to  the  l’s; 
are  forwarded  in  the:  RES  matrix. 

LEl,LE2=RE2.DEJ0INi  (SC(5,1),Q) 

[LE1#  LE2]  m  [RE2] 

The  (NMDB  x  NMDB  )r.  educed  harmonic  one,  element 
stiffness  matrix  LE2  is  formed. 

E3,X1-LE2 .  CHTRIA*  LAI 

Solves,  for  the  harmonic  oner  displacements  in  the 
reduced  system  XL  by  using;  Choles ky  method  to 
solve  the  system  of  simultaneous  equation  a. 

TR1, TR12**TR.  DEJOIN.  (SC (5, 1) ,  1) 

[flis]  *  W 

Forms  matrix  TR12  which  when  transposed  will 
regenerate  the,  .reduced  disp.'  acement  XI  into  the 
non-reduced  displacement  XXI. 

XXI  =  TR12.TMULT.X1 

XXI  «  [TR12]T  [xx] 

Forms  unordered  system  of  displacements. 

X01  =  TR.  MOLT.  XXI, 

£xoij  =  [tr]  [xxij  ' 

Forms  0-1  ordered  displacement  columns  in  X01. 
ST1  »BH,  X01.STRESS.  (4,,) 

Calculates  net  element  stresses  for  each  element 

ATT1  =  SA1.MULT.X01 
ATT1  *  [SAl]  [xOl] 

Forms  system  displacement  vector  ATT1  by 
multiplying  the  0-1  ordered  displacement  vector 
with  the  0-1  ordered  stiffness  matrix  SAl. 


TATEMENT 

umber;' 

23 

24 

26 

28-41 

43-55 

56-68 

69-81 

82-94 

95-107 


TABLE-  IV: f CONTINUED) 


INSTRUCTION  AND  EXPLANATION  ..  . 

LB1  «  EM1.ASSEM.SC, (40) 

Generates  the  system:  applied  load  vector  LB1 
from  the  element  stiffness-  matrix  EMI  and  the 
system  matrix  SC. 


ACT1  eATTl.SUBT.LBl 
ACT1  »  [ATTlJ  -  [LBl] 

Generates  the  reaction  vector  ACT1  by  subtracting 
the  system  applied  load  vector  from  the  system 
displacement. 

I 

If  (HLC. NULL. )  go  to.  100. 

Test  the  harmonic  control  matrix  HLC  for  number 
of  -harmonic  loops . 

Statements  28  thru  4i  are  used  for  computation  of 
the  second  harmonic,  when  the  harmonic  control 
value  is  dependent  on  the  harmonic  control 
matrix-  HLC.  The  explanations  for  the  Statements 
28  thru  41  are  the 'same  as  Statements  10  thru  26. 

V  j 

Statements  43  thru  55  art  used  for  computation  of 
the  third  harmonic  dependent  on  the  harmonic  control j 
matrix -HLC1.  The  explanations  i_r  the  Statements 
43  thru  55  are  the  same  aB  Statements  10  thru  26. 

Statements  56  thru  .68  are  used  for  computation 
of  the  fourth  Harmonic  dependent  on  the  harmonic 
control  matrix  HLC2.  The  explanations  for  the 
Statements  56  thru  68  are  the  same  as  Statements 
10  thru  26, 

Statements  69  thru  8l  are  used  for  computation 
of  the  harmonic  5  when  the  harmonic  control  value 
in  the  harmonic  control  matrix  HLC3  is  greater  than 
zero.  The  explanations  for  Statements  69  thru  81 
are  the  same  as  Statements  10  thru  26. 

Statements  82  thru  94  are  used  for  computation 
of  harmonic  6  when1  the  harmonic  control  value 
in  the  harmonic  control  matrix  HLC4,  is  greater 
than  zero.  The  explanations  for  the  Statements 
82  thru  .94  are  the  same  as  the  Statements  10  thru  26, 

Statements  95  thru  107  are  used  for  computation  of 
harmonic  7  when  the  harmonic-  control  value  in  the 
harmonic  control  matrix  HLC5  is  greater  than 
zero.  The  explanations  for  Statements  95  thru 
107  are  the  same  as  for  Statements  10  thru  26. 


5 6 


/ 


STATEMENT 

NUMBER 


141-144 


145-148 


151-152 


153-154 


155-156 


157-158 


159-160 


TABLE  IV  -(CONTINUED) 


INSTRUCTION  AND 


Adjoin  the  element  stress  matrices,  system  dis¬ 
placement  matrices,  system  reaction  matrices  Tor 
harmonic  one,  two>  three,  four,  five,  six,  seven 
and  test  the  harmonic  value  in  harmonic  control 
matrix  HLC6 . 

Adjoin  the  element  stress  matrices,  system  dis¬ 
placement  matrices,  system  reaction  matrices 
for  harmonic  one,  two,  three,  four,  five,  six, 
seven,  eight  and  'test  the  harmonic  value  in 
harmonic  control  matrix  HLC7. 

1020  SUMS12,SUMD12,SUMRI2=SC,ST12,X12,ACT12.HSUM. 

Compute  the  sum  of  element  stress,  the  sum  of 
displacements  ana  the  sum  of  reactions  and 
output  the  sura  of  element  stress,  the  sum  of 
displacements  and  sum  of  reactions.  This 
statement  is  used  when  the  harmonic  number 
is  equal  to  two. 

If  (HLC1.NULL.)  go  to  1000 

Branch  to  statement  164  to  terminate  the  analysis. 

| 

These  statements  are  used  when  the  harmonic  I 

number  is  equal  to  three.  For  explanation  of 
those  statements,  see  Statements  149  and  150. 

These  statements  are  used  yhen  the  harmonic 
number  is  equal  to  four.  For  explanation  of 
these  statements,  see  Statements  149  and  150. 

These  statements  are  used  when  the  harmonic 
number  is  equal  to  five.  For  explanation  of 
these  statements,  see  statements  149  and  150. 

These  statements  are  used  when  the  harmonic 
number  is  equal  to  six.  For  explanation  of 
these  statements,  see  statements  149  and  150. 

,  These  statements  a.j:e  used  when  the  harmonic 
number  is  equal  to  seven.  For  explanatiop  of 
these  statements,  see  statements  149  and  150. 


I61-16C 


These  statements  are  used  when  the  harmonic 
number  is  equal  to  eight.  For  explanation  of 
these  statements,  see  statements  149  and  150. 


STATEMENT 
NUMBER  ..  . 


TABLE  IV  -  (CONCLUDED) 


....  .  .  INSTRUCTION  .  AND  EXPLANATION ,  -  . 

100  SUM1 , aUMDl, SUMRliiSC, STlyXOl, ACT1 . HSUM. 

This  statement  -is  used  when ‘harmonic  number  is 
equal  to  one.  For  explanation  of  this  statement 
see  statement  149. 

1000  CAA  «  CA.  RENAME. 

Terminates  the  analysis. 


(4)  Statics  Instruction  Sequence  Using  Cholesky 
Triangularization  (STATICS ) 

Figure  II -4  presents  the  suggested  set 
of  abstraction  instructions  for  Use  in  performing  a  linearly 
elastic  displacement  and  stress  analysis .  This  set  of 
instructions  differs  from. those  reported  on  pp.  4o  thru  52 
of  Reference  5  in  the  following,  respect.  . 

The  set  of  simultaneous  linear  equations 
which  arise  in  the  analysis  are  solved,  by  Cholesky 
triangularization.  The  Use  of  these  instructions  are 
explained f in  detail  on  page  8  of  this  report. 

Statement  4?  of  Figure  II-4  has  the 

following  form; 

TRIA,XX  «  STIFF, TLOADR  < CHTRIA . 

where  in  Reference  5,  the  equation  solution  had  the  following 
form; 

XX  o  STIFF. SEQEL. TLOADR 

Note  Statement  47  of  Figure  II-C  (Page  41)  of  Reference  5. 

It  is  again  emphasized  that  the  User  is 
not  restricted  to  this  particular  set  of  instructions ,  The 
flexibility  of  the  System  allows  the  use  of  additional  or 
alternate  instructions  to  accommodate  special  needs  and  require¬ 
ments  of  the  User.  All  instructions  available  from  MAGIC  II 
(Reference  5)  are  available  in  MAGIC  III. 


istatics 

o— ..S  TATICS  ACINOUS  KITHOW  PRES CHS  US  DISPLACEMENTS 
C  . 

c  *  *.  *  .#  *  •*  *  *  *  *  *  4  *  *  *  *  *  *  *  *  * 


STATICS  INSTRUCT IO»i  SEQUENCE 


GENERATE  ELEMENT  MATRICES 


********** 


t  ML IS>  «XLD» TRt  . KEL» f TEL»$€L (ST6L, , . SC.EM.  «#*  (.USEA04. 


FORM  U  X  II  UNIT  AND  (I  X  II  NULL  MATRICES 
DETERMINE  RUN?  FORMAT  FOR  TYPE  Of  ELEMENTS  USED 

II  •>  SC.IBEKTC*' 

13  «  iWMULUSC 
D  IFF  »  II  .SMULT.  SC  1 9*1) 

ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  AFRLIEO  LOAOS 

KELA  «  EM  .ASSEM.  SC. <101 
FTELA  «  EM  .ASSEM  .SC.I40I 
LSCALE.  LOADS  «  XLD  .OEJOlN.f l» 1) 

REDUCE  STIFFNESS  MATRIX  AND  PRINT 

XOfKNO  *  KELA  .DEJQIN.I  SCtS.lId) 

<C0, STIFF  «  KN0.QEJOIN.C  SC(5«l)»0) 

P^INTIFORCEfOISR*  »l  STIFF 

FORM  REDUCED  TOTAL  LOAD  COLUMN 

MULTIPLY  ELEMENT  APPLIED  LOAOS  «Y  LOAD  SCALAR 
FTELS  ■  FTELA.MULT.LSCALE 

TRANSFORM  EXTERNAL  LOADS  TO  0-1-2  ASSE HOLED  SYSTEM 
LOADG  *  TR.NULT.LOADS 

FORM  TOTAL  LOAD  COLUMNS 
TL3A0  •  FTELS. AOD.LOADO 
TL .TLOADR  »  TL3A0»DEJ0IN.<  SC<5,1),1! 

S3LVE  FOR  DISPLACEMENTS 

TRI A* XX  «  STIFF  tTLOAOR  .CHTRI A» 

TPO, TU2  >  TA.0EJQIN.(5C<5.1l»l) 

X  •  TR12.TMULT.XX 
XO  «  TR.HULT.X 

CALCULATE  REACTIONS  ANO  INVERSE  CHECK 

REACTS  *  KELA.MULT.XO 
REACTP*  REACTS. SUBT.TLOAD 
IF  (OIFF.NULL.)  GO  TO  10 

PRINT  ELEMENT  APPLIED  LOADS,  EXTERNAL  LOADS.  DISPLACEMENTS. 
REACTIONS  ANO  INVERSE  CHECK  IN  ENGINEERING  FORMAT 


00000010 
00000020 
00000030 
000000*0 
400000050 
05000 OS 0 
00000070 
OOOOOOBO 
*00000090 
00000100 
000001X0 
00000120 
00000130 
000001*0 
00000150 
00000 ISO 
00000170 
00000110 
00000190 
00000200 
00000210 
00000220 
00000230 
.000002*0 
00000250 
00000260 
00000270 
00000210 
00000290 
00000300 
00000310 
00000320 
00000330 
00000360 
00000350 
00000360 
00000370 
000 003 AO 
00000390 
00000400 
00000410 
00000420 
00000430 
000004*0 
00000*50 
000004*0 
00000*70 
0OOOO4SO 
00000*90 
00000500 
00000510 
00000520 
00000530 
00000540 
G0000550 
00000560 
00000570 
00000590 
00000590 


Figure  II-4  STATICS  Instruction  Sequence  Using  Choleaky 
Triangularization  ol 


UiiO  ooo  uyo 


,'EIEHENTS  HAVE  I  Oft  2  OKRSiS  Of  FREEDOM 

G(teiNm.,»FX.FV.P2.NX.WY.N2»SC»TR  IPTIU 
£#MNm,'tFX.FY.F2.*X.  W«tt2»K»  ROADS 
5J»£lNT<  2,,,U.V.W.TH€TAX*TH€tAY.TH*TA2»St*  IX 
GB5U-NTC 1 1  *»  FX.FYiF2.MX.HV.II2»S6#Tft  IREACTP 
if'  H3*NIM.L* )  GO  TO  AOO 

ELEMENTS  HAVE  3  DEGREES  OF  FREEDOM 

19  SPRINT! 4,, fFA,Q.F£.0.H«ETA«6.Fl.O.F3,SC,TR  IFT61A 

SPRINT!  4*  .*  FK.O.F2.Q.8SETA.0.F1.  O.FStS''  r  ROADS 

&PRIHT! 2» t.U.O.W. 3.THETAY.0.W*,0. N<M»Sw,  IX 
GP«INH I, „ FA.0.F£.0.H6ETA. 0*Fl.Q.F3.SC»TR  REACT P 

GENERATE  STRESSES  A NO  FORCES 

690  STAESP-EM.XO  .STRESS. 14.) 

FORCEP«EN*XO  .FORCE. <4, I 


00000600 

00000610 

00000620 

00000690 

00000640 

00000650 

00000666 

00000670 

00000680 

00000690 

00000700 

00000710 

00000720 

00000730 

00000740 

00000750 

00000760 

00000770 

00000780 

06000790 


FIGURE  II-4-  (CONCLUDED) 
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(5)  Statics  Instruction  Sequence  With  Condensation 
Using  Cholesky  Triangularization  (STATICSC) 

Figure  11^5  presents  the  .suggested  “set  of 
abstraction  instructions  for  use  in  performing  a  linearly  elastic 
displacement  and  stress  analysis  with  condensation.  The  condensa¬ 
tion  (reduction)  technique  is  that  of  Guyan-  (Reference  11).  With 

the  use  of  this  option,  the  User  is  provided  the  flexibility  to 

*  1  *  _  »  , 
perform  a  static  analysis  utilizing  a  rational  condensation 

procedure.  The  only  basic  difference  in  abstraction  instructions 

between  using,  the  statics  with  .condensation  option  arid  the 

standard  statics  option  is  the  additional  instructions  required 

to  form  the  condensed  stiffness  matrix,  i.e,. 


This  set  of  instructions  differs  from  those 
reported  on  pp.  53  thru  55  of  Reference  5  in  the  following  respects. 

In  the  Agendum  presented  in  this  document,  the  reduced 
stiffness  matrix,  w  R  and  the  deflections,  Dl  are  found  using 

Cholesky  Triangularization.  Sequence  Numbers  213  thru  217  of  the 
present  agendum  are  as  follows: 

K22I,KR1  =  K22,K12T.CHTRIA. 

KR2  =  K12.MULT. -KR1 
KR  =  K11.ADD.KR2 

And  upon  solving  for  displacements,  Dl,  we  have: 
TRIA,D1  =  KRjPl.CHTRIA, 

It  is  noted  that  in  Reference  5#  the  reduced 
stiffness  matrix,  jjcj  R  ,  and  the  displacements  Dl  were  obtained 

as  follows.  (Note  Sequence  Numbers  393  thru  398,  p.  5^, 

Reference  5.) 


k22T '*•  *?K22  .  IRVERS  . ' 

KR1  *  k22i.MULT.KL2T' 

KR2  •*  KX2;MULT;KR1'; 

KH  KT1  .  ADD-.  KR2  '  "  ..  .  .  . 

D1  =  KR.SEQEL.Pl  , 

*  '  -  f  •>  ' -y 

The  suggested  set  of  Instructions  presented 
herein,  avoids  the  -;use  of  inversion  to  form  the  reduced  stiffness 
matrix.  Mditibnaily,  the'  instrUetloh  using  .-SEQEL*  has  been 
replaced  with  , CHTRTA,  4 


SST*fi!C$C 

e  •  .  ^  *  .  . 

f.-“--~ST AT ICS  ADEN OUM,  WITH  CONDENSATION 

■c  ■ 

C  *  *  */  ************  r*v  -*»**■ 

c  ’  ? 

C  STATICS  INSTRUCTION  SEQUENCE 

,C 

c  *  *  *  *  *  *  ,*  *  .  *  *  *  *  *  *,*.*.*  *  *  *• 

c  .  .  ' 

C  GENERATE  ELEMENT  MAT* ICES 

C 

,MLTB»,X10»TR,  »KEl  . FT  EL,  SEL,  STEL * »,$C ,EH »  «»•>  ,.U$ER34. 

:c  '  ~  v.  ... 

C  FORM  a  X  II  UNIT  AND  f  t  X  I)  NULL  MATRICES 


C  DETERMINE  PRINT  FORMAT  FOR  TYPE  OF  ELEMENTS  USED 

U  »  SC.IOENTC. 

1 3  «  II. NULL .SG 

OIFF  *  II  .SMULT.  5C(9*Ii 

C 

C  ASS  EMBLE  ST  IFFNESS  MATRIX  AND  ELEMENT  APPLIED  LOADS 

C 

KCLA  *  EM  .ASS EM.  SC, « 101 
“TcLA  •  EM  . AS S EM  .SC«(40) 

C 

C  REOUCI  STIFFNESS  MATRIX  AND  PRINT 

C  • 

X0.K<9  «  KB.A  .DEJ05N.I  SCO, It, II 
XCO.STIFF  -  KN0.06J3W.I  SC( 5,11,0) 

PRINTLFORCE,  OISP*,  I  STIFF 
C 

C  FORM  RECUCEO  TOTAL  LOAD  COLUMN 

C 

tSCALEtLPAOS  «  XLO  .0EJ01N.C  1,  II 
C  MULTIPLY  ELEMENT  APPLIED  LOADS  BY  LOAD  'SCALAR 

FTELS  «  FTa A.MULT.L SCALE 

C~— TRANSFORM  EXTERNAL  LOADS  TO  OROEREO  SYSTEM,  FORM  TOTAL  LOADO 
LCACO  *  TR  .MULT.  LOADS 
tlCAp  *  FTELS  .ADD.  LOAOO 


C - -CONDENSE  ASSEMBLED  STIFFNESS  MATRIX 

TCPtBOT  «  STIFF  .OEJOIN.  (SC(6,U,I) 
XII, K) 2  *  TOP  .OEJOIN.  CSCI6,1),0) 
K12T,K22  -  BOT  .OEJOIN.  ISC(6,l),CI 


Figure  II-5  -  Statics  With  Condensation  -  Cholesky 
Triahgularization 

65 


JGOOI636 

3000  mo 

30001:653 

03001663 

*  *000ulo?0 

:Soono83 

03001693 

00001703 

*  *00001710 

00001720 

000017.30 

00001740 

00001750 

d000i?60 

00001770 


00031763 
0000.1.790 
OOOOlBOO 
00001813 
C0001820 
00001833 
00001643 
00001853 
03001663 
00031873 
J0001883 
00001893 
00001903 
00001913 
00001923 
00001933 
00001 94C 
00001953 
03001963 
00001973 
00001983 
00001993 
00032003 
00002013 
03032023 
00002033 
00002043 
00032053 
00m?063 


nnn  non  nonon  n  o  o  o  cvo  n  r>  n  o  o  n 


P0,P12  «  TLOAD  .DEJ3W.  |$C|  3VU»ii 
C--r-«CCNtrENSfc  EXTERN  At  13 AD  COLUMNS 

PV» P.2  *  P12  » OEJOlSl*  C SCI  6,11*11 

FC*»P  IKll  -  K12*K22I  lHVS  i*K  12T ) 

K22I,KR1  *  K22,KX2T  .CHTRIA. 

KR2  *  K12  .MULT*  *CRl 
*P  *  KlI.AOtUKRI 
~-~*S£l.VE  FOR  OISPL ACCENTS  Dl 
TR|A,f0i  »  KRiPI  .eKTRIA.,; 

~~r-sctve  FOP  DISPLACEMENTS  02 
U2  V  Kgl  .MULT •  6i 
r--— FCPP  TOT  AL  DISPLACEMET  VECTOR 
OTT  «  Cl  iTRANSP. 

02T  :C2  .TRANSP. 

012  •  C1T  .ADJOIN1.  02f 
'  XX  *'<C12  .TRANSP.  "A*  -  •  ■  '  ' 

— -~EXPANO  DISPLACEMENTS  TO  TOTAL  SYSTEM  DECREES  OF 
-•—-FREEDOM  AND  RE  ARRANGE  TO  6-1^2  STStEM  ' 

TRO  »TR12  «  JR.DEiOIN  .(  SCI  5*  II,  1 1 
X  «  TRI2.TMULT.XX 
XC  «  TR.MULT.X 

CALCULATE  REACTIONS  AND  INVERSE  CHECK 

REACTS  »  KELA.MULT.XO 
REACT Pn  REACTS  .SU8T .TLOAD 
IF  IOIFF.NULL. I  GO  TO  10 


Q3032i.?3 

•>f>032»90 
30002"  1 33 
00032 113 
03032 1?") 

joobiuo 

33032  HO 

'K032TS3 

)JU.)?163 

00002  LTD 

00032183 

00002193 

00032201 

0300221> 

00032220 

00002233 

00032243 

03032253 

00002263 

00032270, 

.00002283 

00002293 

30002303 

03002313 

00002323 

03032333 

00002343 

00002353 

00032363 


PRINT  ELEMENT  APPLIED  LOAOS,  EXTERNAL  LOADS,  DISPLACEMENTS, 
REACTIONS  ANO  INVERSE  CHECK  IN  ENGINEERING  FORMAT 

ELEMENTS  HAVE  1  OR  2  DEGREES  OF  FREEDOM 

GPRINT t4,,,FX.FY.FZ.HX*HY.KZ,SC,TR  IFTELA 
G  PR  I  NT  1 4  »  ,  ,  FX  •  FT  .  FZ  .  MX  .  MV  ,M  Z  *  SC »  I LOAO  S 

GPRINT 12»*,U.V<H.THETAX.TKETAY.THETA4,SC,IX 
GPRINT  I1»»»FX.FY ,FZ .NX .HY.MZ,SC» TR  IREAC TP 
IF  ( I3.MJLL.I  GO  TO  600 

ELEMENTS  HAVE  3  DEGASES  OF  FREEDOM 


10  GPRINT  I4«,»FR.O.FZ.O  «MBETA.0.F1*0.F3,SC  ,TR  IFTELA 
6 PRINT  14, , , FR.  0 .FZ .0 .4  BETA. 0. FI . C.F3  »  SC  s  I LOADS 

GPRINT  I2», ,U.O  .H.O.THETAV.O.VfP  .O.Mf*  ,SC,  IX 
GPRINT  (l,,,FR.d.FZ.O.MBETA.O.FL.O.F3jSC,TR  IREAC  TP 

GENERATE  STRESSES  AND  FORCES 


600 


STRESP  ■  EH, XO  .STRESS.  14,1 
FCRCEP  »  EM,  XO  .FORCE.  14,1 


00002373 
0000238$ 
00002393 
00002403 
00002413 
00032423 
03032433 
00002443 
00002453 
30002463 
00002470 
00032483 
00002493 
00032503 
00032513 
00002523 
00032533 
00032543 
00002550 
00 002563 
00002570 
00002580 


Figure  II -5  (Concluded)  66 


(6)  Statics  Instruction  Sequence  With  Prescribed 
Displacements  Using/Cholesky  Triangularization. 
(STATICS 2)  ‘ 

Figure  II-6  presents  the  .suggested  set  of 
abstraction  instructions  for  use  in  perf drifting  a  linearly  elastic 
displacement  and  stress  analysis  with  prescribed  displacements . 

With  the  use  of  this  option,,  applied  loading  may  be  prescribed 
in  terms  of  non- zero  displacement  values*.  The  number  of 
prescribed  displaced  grid:  points  is  the  number  of  .grid  points 
that  are  assigned  known  values  of  displacement  other  than  zero. 

This  set  of  instructions  differs  from  those 
reported  on  pp.  56  thru  68  of  Reference  5  iii  the  following  respect. 
The  set  of  simultaneous  linear  equations  which  arise  in  the 
analysis  are  solved  by  Chdlesky  triangularization t  Statement  127 
of  Figure  II-6  has  the  following,  form: 

TRIA,Xi  =  Kll,k4.CHTRIA. 

where  in  Reference  5,  the  equation  solution  had  the  following  form; 
XI  =  K11.SEQEL.K4 

Note  Statement  127  of  Figure  H-e  (Page  58)  of  Reference  5. 


ASTATIC  $2  00000800 

c  00000610 

C»»>»STAf {CS  ACENOUN.  WITH  PRESCRIBED  DISPLACEMENT'S  *  00900820 

c  "  '  '  ooOooeio 

C  STATICS  INSTRUCTION  SEQUENCE  00000840 

C  00000850 

C  GENERATE  ELEMENT  NATO ICES  00000860 

f Wt-IB,  »XLD» TR»  ,KEL. FTEL.SEL, STEL. t .SC. EM, P0«, »  ..USERQ4.  OG000870 
C  '  ..  '  00000880 

C  FORM  <1  X  il  UNIT  AN?  ;<1  X  1)  NULL  MATRICES  00000800 

C  DETERMINE  P VINT  FORMAT  FOR  TYPE  OF  ELEMENTS  USED  00000900 

C  00000910 

11  «  SC.IDENTC.  00000920 

13  »  il.NULL.SC  00000930 

0 IFF  «  II  .SMULT,  SC  I  9.1 1.  00000940 

C  .  00000950 

C  ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LOADS  00000960 

C  00000970 

KELA  •  EM  .ASSEH.  SC.UOI  00000980 

FTELA  *  EM  .ASSEM  .SC. 1401  00000990 

•  LSCALE, LOADS  «  XLO  .OEJGlN.ll.il  00001000 

C  '  OOOOIOIO 

C  REDUCE  STIFFNESS  MATRIX  AND  PRINT.  00001020 

C  0030i;30 

XO.KNO  »  KELA  .DEJOIN. 1  SCI5.ll.ll.  00001040 

<CO.STtFF  «  KNO.DEJOIN.l  SCI5.il. 01  00001050 

PRINTIF3RCG.DISP* . I  STIFF  00001060 

C  00001070 

C  MULTIPLY  ELEMENT  APPLIED  LOADS  BY  LOAD  SCALAR  00001080 

F.TELS  *  FTELA.MULT.LSCALE  00001090 

C  TRANSFORM  EXTERNAL  LOADS  TO  0-1-2  ASSEMBLED  SYSTEM  00001100 

LOADU  «  TA .MULT. LOADS  00001110 

C  FORM  TOTAL  LOAD  COLUMNS  000C1U0 

TL3A0  >  FTELS.AOD .LOADU  00001130 

U.UUAOR  -  TL3AD.0EU01N.ISCIS.il  *11  00001140 

C  00001150 

C  SOLVE  FOR  DISPLACEMENTS  00001160 

C  PRESCRIBED  DISPLACEMENTS  ARE  PRESENT  00001170 

,C  00001  ISO 


<1,X2  *  STIFF.OEJOIN.4SCI6.ll.il 

00001190 

00001200 

KU.K12  «  K1.0EJ01N.4  SCI6.1I.0I 

00001210 

PD3  *  TR.MULT.PO 

00001220 

PR. 02  »  POO  .DEJQIN. 4  SCI8.ll.il 

00001230 

<3  *  K12.MULT.02 

00001240 

PI, P2  -  TLaAUR.DEJOIN.4SC46.ll.il 

00001250 

K4  *  P1.SU6T.K3 

00001260 

TR1A.X1  •  K11.K4  .CHTRIA. 

00001270 

XIT  «  X  l«  T3 AN5° . 

00001280 

X2T  «  D2.TRANSP. 

00001290 

X 121  «  XIT.AUJ3IN.X2T 

00001300 

XOT  *  XIT. NULL. KCO 

00001310 

XT  »  <01. ADJOIN, X12T 

00001320 

XU  *  Xl.TRANSP. 

00001330 

X  «  TR.TMULT.X3 
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00001340 

CALCULATE  AND  PRINT  REACTIONS 

00001350 

00001360 

Figure  II-t>  tatics  With  Prescribed  Displacements 

-  Cholesky 

REACT T  «  KELA.MULT.XO 
REACT  *  REACTTrSUftT.TI.OAC 

elements  HAVE  1  OR  i  OEGREES  of  freedom 
print  element  applied  loads  and.  external  loads 

PRINT  ASSEH8LE0  DISPLACEMENT  COLUMN 


IF  1DIFF.NULL.J  00  TO  10 
GPRINr(Af„F.K.EV.Fi.MX.MV.MitSC*TR  JFTE.LA 
SRR INTI 4»  t « FX.FVVF2.MX.MY.M2t SC »  ) LOADS^ 

GPRlNT!  2e  •  »  U.V.  W.  THETAX.sTMEYAY.  THETA*  »SC  1 1 X 
SPRINT! l,t» FX.FV.FZ.MX.MY.M2tSC.TR  IREACT 
IF  « 13. NULL. I  00  TO  60 

ELEMENTS  HAVE  3  DEGREES  OF  FREEDOM 


OPR INT! At  tt  FR.O.FZ.O.MftETA. O.Fi.O.FS.SC.TR 
0 PR  IN T i  Vt .  t  FR.O.r-Z.O. MftETA.  0*Fi.  0.F3»SC» 


1FTELA 
» LOADS 


GPRINT(2»t»U.6.H.0.THETAY.0.l!*.0.N***SCtI  X 
CPRlNTTls»»FR.0.F2.O*MftETA.0iFl.Q.F3»SCtTR  IREACT 


GENERATE  STRESSES  ANO  FORCES' 

STRESS  *  EM.XO  .STRESS.  14.1 
FORCE  «  EM.XO  .FORCE.  «4*l 


UUUW4.HU 

000013*0 

00001390 

00001400 

00001410 

00001420 

08001430 

00001440 

00001450 

00001460 

00801470 

00001480 

00001490 

00091500 

00001510 

00001520 

00001530 

00001540 

00001550 

00001560 

00001570 

00001580 

00001590 

00001600 

00001610 

00001620 


Figure  II-6  -  (Concluded) 


(7)  Stability  Analysis  Instruction  Sequence 

(STABILITY) 

Figure  11-7  presents  the  suggested  set  of 
abstraction  instructions  for  use  in  performing  elastic  instability 
analyses . 

The  structural  stability  analysis  is  a  two-phase 
process,  the  first  step  of  which  is  a  linear  elastic  stress 
analysis-  for  which  the  initial  stress  state  is  zero.  The 
Second  phase  of  the  analysis  procedure,  begins  with  the 
formation  of  element  incremental  stiffness  matrices  which  are 
derived  from  the  mid-plane  stress  resultants  determined  in  the 
linear  stress  analysis.  After  assembly  of  element  incremental 
stiffness  matrices,  a  linear  eigenvalue  solution  is  obtained  for 
the  critical  buckling  load.  Using  this  approach,  the  assumption 
is  made  that  all  mid-plane  forces  remain  in  a  fixed  ratio  to.  one 
another  at  all  levels  of  applied  load,  from  the  onset  of  loading 
to  the  achievement  of  instability.  A  detailed  derivation  of  the 
algebraic  expressions  used  for  the  Stability  Analyses  is  given 
in  Section  III  of  .Reference  4. 

It  is  to  be  noted  that  in  the  MAGIC  III  System, 
incremental  stiffness  matrices  are  provided'  for  the  following 
finite  element  representations: 

a.  Quadrilateral  Plate  (Ident.  No.  28) 

b.  Triangular  Plate  (Ident.  No.  27) 

c.  Incremental  Frame  (Ident.  No.  13) 

The  derivations  of  these  elements  are  presented  in  detail  in 
Reference  4. 

The  stability  analysis  instruction  sequence  of 
Reference  5  is  presented  for  comparison  purposes  in  Figure  II-8. 

It  is  included  in  this  document  without  change.  Detailed  matrix 
operations  concerning  the  use  of  these  operations  are  presented  on 
pp.  69-80  of  Reference  5. 


The  suggested  form  of  solv;.ng  the  elastic 
instability  analysis,  shown  in  Figure  J,  uses  the 
Cholesky  triangularlzation  method.  Differences  in  instructions 
between  Figures  II-7  and  II-8  are  as  follows: 

Statement  No. 346  of  Figure  II-7  has  the  form: 

FLEX,XR  -  STIFF, TLOADH , CHTRIA . 

where 

FLEX  =  The  Triangularized  Stiffness  Matrix 
XR  *=  The  Reduced  Displacement  Solution  Vector 
STIFF  a  The  Reduced  Stiffness  Matrix 
TLOADR  =  The  Reduced  Total  Applied  Load  Vector 

(Note  p.  8  f  Section  II. B. 2  of  this  report.) 

Once  the  triangularized  stiffness  matrix,  FLEX, 
has  been  determined^,  and  after  the  assembly  of  the  element 
incremental  stiffness  matrices,  INCR,  Statement  386  is  utilized 
as  follows: 

EIG  =  FLEX. CHOL. INCR 

where  EIG  =  The  solution  of  the  back  substitution  system. 

Statement  Number  386  of  Figure  II-7  is  equivalent  to: 

EIG  =  FLEX. MULT. INCR  which  is  Statement  Number  239 
of  Figure  II-8. 

The  use  of  the  instructions  as  outlined  in 
Figure  II-7  avoids  the  Inversion  of  the  stiffness  matrix  which  for 
large  order  systems  may  prove  Inefficient  and  computationally 
prohibitive. 


nno  o  r>  r>  o  o  o  o  o  o  r>  o  nnoo  noortooo 


$ST  ABILITY 

— STABILITY  AGENOUM  ANALYSIS 

ST ABILITY  ANALYSIS  INSTRUCTION  SEQUENCE 
GENERATE  aENENT  MATRICES 

» MLI0,  INTPjXLO  »TR»  ,Ka,FTEL,  SEL,$T£L,  »»5C  ,EK»“»  »  ,.USER04. 

FORM  «LX  U  UNIT  AND  (1  X  11  NULL  MATRICES 
DETERMINE  PRINT  FORMAT  FOR  TYPE  OF  ELEMENTS  USED 

II  -  SC*  iDENTC. 

13  *  lUfiULL.SC 
OIFF  *  II  .SHULT.  SC!9» II 

ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LOADS 

STIFF*  EM  .ASSEM.  SCoIli 
FTELA  »  EM  .ASSEM  .SC,C40I 
LSCALE'tOAOS  *  XLO  .DEJOIN.!  It  II 
PRINT! FORCE, OlSPt.  I  STIFF 

MULTIPLY  aEMENT  APPLIED  LOAOS  BY  LOAD  SCALAR 
FTELS  -  FTaA.MULT.L SCALE 

TRANSFORM  EXTERNAL  LOAOS  TO  0-1-2  ASSEMBLED  SYSTEM 
LCACG  »  TR.MULT .LOADS 

FORM  TOTAL  LOAD  COLUMNS 
TLCAO  «  FTELS. AOO.L 3 ADO 

FCRM  REDUCED  TOTAL  LOAD  COLUMN 
T LtTLOADR  a  TLOAD.OEJO IN.C  SCI  5, II, II 

PRINT  FLEXIBILITY  MATRIX 

FLEX,XR  a  STIFF.TLOADR  .CHTRXA. 

PRINT  (DISP,  FORCE,,  I  FLEX 

SOLVE  FOR  DISPLACEMENTS 

TPO,TR12  «  TR. DEJOIN •(  SC!  5,  ll«l) 

X  a  TR12.TMULT.XR 
XC  -  TR.MULT ,X 
IF  10IFF.NULL.I  GO  TO  10 


00033X13 
00033123 
00033133 
GOOD 3 143 
00033153 
00003163 
00003173 
00003183 
00003193 
00033203 
00003210 
03033223 
00003233 
00003243 
00003253 
00033263 
00003273 
00033283 
00003293 
00003303 
03003313 
00003323 
00033333 
00033343 
00003353 
00003363 
00003373 
00003383 
00003393 
00003403 
00003413 
00033*23 
00033433 
30033443 
00003453 
00003463 
00033470 
00003483 
3*3033493 
00033503 
00033513 
00003523 
00003533 
00033543 


Figure  II-7  -  Stability  Instruction  Sequence  - 
Cholesky  Triangularization 
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r»no  non  ono  non  <->  on  r>  oo  o  n  o  o  o 


PRINT  a£«EKT  APPLIED  LOADS  AND  EXTERNAL  LOADS 

ELEMENTS  HAVE  l  OR  2  DEGREES  OF  FREEDOM 

GPRINT  l4,,,FX.FY.FZ«iNX.NY.NZ.SC.TR  1RTELA 
GPRINT S4,»»FX.FY.FZ.MX.MV.MZ»SCe  ILCADS 
GPRINT  12...U.V  «M»THE?AX*THETAY®THETAZ*  SC  »  I  X 
IF  M3  .NULL. )  GO  TO  60 

ELEMENTS  HAVE  3  DEGREES  OF  FREEDOM 


13  GPRINT  (4»MFR,O.FZ.O.M8£TA.0.FI.0.F3tSCt1R  IF7ELA 
GPRINT  I4.,,FR.0.FZ.0.M  BETA,  0,  FI.  O.F<3»SC,  ROADS 
GPRINT <2.tsU.0.W.0.TH6TAY.0.W*.0«M**,$C»  I  X 


GENERATE  STRESSES 

S3  STRESS  «  EM.XO  .STRESS.  (4.1 

GENERATE  EL  EM ENT  INCREMENTAL  STIFFNESS  MA TRI X 

»»#»»»#»  »»NEL»  *  »a»**INTP»  .  STRESS. USER 04. 

ASS  EMBLE  AND  REDUCE  INCREMENTAL  MATRI X 

I  NCR'  *  EL  .ASS  EM.  SC.I3I 
PRINT f ..  .  )  I NCR 

CREATE  INPUT  EIGENVALUE  MATRIX 

EIG  *  FLEX  .CHGL.  INCR 
PRINT  (...)  EIG 

CALCULATE  AND  PRINT  E-VALUES.E-VECTORS.FREOUENCIES 

EVALUE.EVECTR, ,  >  EIG.  .EIGENi*  SC 
GPRINT  (3....SC.TRI2)  EVECTR, EVALUE 


0 0033553 
0000356? 
00003573 
00003583 
00033593 
00003603 
00033613 
00033623 
00033633 
03003643 
00003650 


00033663  i 
03003673  I 
03033693  i 
00003693  j 


00033700  ! 

03033713  ! 

00033723 

00033733  ! 

00303743  , 

00003753 

00033763  ! 

00003770  ! 

30033783  » 

00033793  J 

00003803 

00033813 

00033823 

03033833 

00003843 

00003853 

00033863 

00003870 

03003883 

00033893 

00003903 

03003910 

03033923 


Figure  II-7  -  Concluded 
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oofion  o  o  o  ono  o  o  o  o  o  ono  n  non  nrtctnnnn 


mailing  oooouso 

00001440 

M.».«srM!L!fy  AGENDUM  ANALYSIS  00001650 

00001660 

STABILITY  ANALYSIS  INSTRUCTION  SEQUENCE  00001670 

OOOOUiO 

GENERATE  ELEMENT  MATRICES  00001690 

00001700 

<  MLlf.lNTP.XLD  *TRt  .KEL.FTEL.SEl.S7EL*  »*SC.,EM**».»  ..USER04.  00001710 

'  ’  00001720 

FORM  II  X  1)  UNIT  AN 0  tl  X  11  NULL  MATRICES  00001730 

DETERMINE  PUNT  FORMAT  FOR  TYPE  QF  ELEMENTS  USED  00001740 

00001750 

1 V  *  SC*IC€NTC»  00001760 

1  >  *  lioNULL.SC  000017T0 


OIFF  «  II  .SMULT.  SCI  ft  21 

ASSEMBLE  STIFFNESS  MATRIX  AND  ELEMENT  APPLIED  LOADS 

STIFF*  EM  oASSEM.  SG.IU 
f  TELA  *  EM  .ASSEM  .SC *140) 

LSCALE, LOADS  »  XLD  .DEJOIN. (1,1) 

PRINT! FORCE »0 IS P* t I  STIFF 

MULTIPLY  ELEMENT  APPLIED  LOADS  BY  LOAD  SCALAR 
FTELS  »  FTELA.MULT.L SCALE 

TRANSFORM  EXTERNAL  LOADS  TO  Qri~Z  ASSEMBLED  SYSTEM 
LQ400  >  TR.HULT. LOADS 

FORM  TOTAL  LOAD  COLUMNS 
TL3AD  *  FTELS. AOO.LOAOO 

FORM  REDUCED  TOTAL  LOAD  COLUMN 
TL.TLOADR  *  TL3A0.0EJ0IN.I  5C(5«l).i) 

PRINT  FLEX  IB  ILITY  MATRIX 

FLEX  *  ST  IFF. IN VERS. 

PRINT  IDISP.FCSSE,.)  FLEX 

SOLVE  FOR  DISPLACEMENTS 

XR«  FLEX .MULT. TLOADR 
T  R0.TR12  «  TR.OEJOIN* ISC(5yl) .1) 

X  *  TR12.TMULT.XR 
XQ  «  TR.MULT.X 
IF  (OIFF.NULL.I  GO  TO  10 

PRINT  ELEMENT  APPUEO  LOADS  ANO  EXTERNAL  LOADS 

ELEMENTS  HAVE  1  OR  2  DEGREES  OF  FREEDOM 

GPAWI4»..FX.FY.FZ.HX.MY.NZ,SC,TR  IFTELA 
GPR INT 14. ») FX.FV.F2.MX.MY.KZ.se .  ) LOADS 

GPR1NTI 2. ..U.VoW. THETAX.THEfAY.THETAZ.se.  )  X 
IF  ( 13. NULL.)  SO  TO  60 

Figure  II-8  -  Alternate  Stability  Instruction  Sequence  Using 
Matrix  Inversion  74 


00001730 
00001790 
00001800 
00001810 
00001820 
00001930 
00001840 
00001850 
00001860 
00001070 
0000188 0 
00001890 
08001900 
0000191 0 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
00002000 
00002010 
00002020 
00002030 
00002040 
00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
00002110 
.  03002120 
00002130 
00002 ICO 
00002150 
00002110 


..5j 
?  *' 


t! 


UUUMUU 

ELEMENTS  HAVE  )  DEGREES  Of  FRESOGN  000021*0 

00002190 

10  SPRlNm,,fFA«O.F2«0.Nt£TA«O.Fl.O.F3»5&'?R  IFfEtt  00002200 

6mN'm,,*FA,0*FZ.O.*6E7A«e.Fi.3*f3,SC,  HOADS  00002210 

c?iUNm»t»u<>o.K.d*THErAr»a*w**d.MM'*sc«  *x  00002220 

00002230 

GENERATE.  STRESSES  00002240 

00002250 

10  STRESS  »  EM.XO. STRESS.  <4* >  00002260 

900022 TO 

GENERATE  ELEMENT  INCREMENTAL  STIFFNESS  MATRIX  00002200 

00002290 

**,«*»*»,  tNEL,,  «EL««f 2NTF»  « STRESS. USEA04.  0030230  0 

00002310 

ASSEMBLE  AND  AgOUCE  INCREMENTAL  MATRIX  00002320 

00002330 

I  NCR  *  EL  cASSEM.  SC* 13)  00002340 

PRINT!***}  INCA  •  00002350 

90002360 


CREATE  INPUT  EIGENVALUE  MATRIX  00002370 

00002380 

EIG  «  FLEX.MULT.INCR  00002390 

PRINT  !,»*)  EIG  .  00002400 

00002410 

CALCULATE  ANO  FAINT  E-VALUE$*£»VECTQRS»FREQU£NC£ES  00002420 

00002430 

EVALUI. EVICT*,.  -  SIS,  .IISINI.  SC  00002440 

SFRINTIS, «,,SC,TR12)  EVECTA,! VALUE  •  00002450 


Figure  II-8  (Concluded) 


(8)  Dynamics  Analysis  Instruction  Sequence  (DYNAMICS) 

Figure  II-9  presents  the  suggested  set  of 
abstraction  instructions  for  use  in  performance  of  a  vibration 
analysis.  This  particular  set  of  instructions  provides  modes  and 
frequencies  for  a  structural  system  in  which  the  rigid  body 
modes  have  been  suppressed  (i,e.  the  assembled  stiffness  matrix 
has  b^en  rendered  non-singular  by  the  appropriate  application 
of  physical  boundary  conditions.  As  seen  from  Figure  I I -9  the 
..EIGEN  1.  abstraction  instruction,  is  used  in  this  sequence. 

This  instruction  is  based  on  the  "power  method”  of  extracting 
eigenvalues  and  eigenvectors.  The  desired  number  of  modes  and 
frequencies  are  supplied'  as  input  by  the  User  in  the  Structural 
Analysis  Input  Section.  This  information  is  contained  on  a 
specialized  preprinted  input  data  form  entitled  DYNAM,.  This 
form  was  described  in  detail  in  the  Structural  Input  Data 
Section  of  Reference  5* 

The  Dynamics  Analysis  Instruction  Sequence  has 
been  written  to  accommodate  non-str.uctural  lumped  masses  to 
augment  the  structural  mass  matrix  generated  by  the  MAGIC  III 
System.  A  specialized  preprinted  input  data  form  entitled  Lumped 
Masses  has  been  provided  for  input  of  the  lumped  mass  values 
and  is  displayed  in  Figure  II-16  of  Section  II. C, 5.  It  is 
noted  that  this  data  form  can  also  be  utilized  to  input  lumped 
structural  mass  values  at  the  option  of  the  User. 

If  this  were  the  case,  the  User  would  specify  a 
mass  density  value  of  zero  (0.0)  on  the  Material  Tape  Input  Section 
data  form  which  is  described  In  detail  on  pp.  97  -  101  of 
Reference  5.  In  addition,  output  matrix  position  twelve  (OMP  12) 
of  the  USER04.  instruction.  Statement  No.  401  of  Figure  II-9 
would  be  left  blank  so  that  the  MAGIC  III  System  would  not 
generate  element  mass  matrices  (MEL)  for  the  application  in 
question. 
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Additional  output  data  from  this  set  of 
instructions  include  generalized  mass  and  generalized;  stiffness 
values  for  each  mode  requested., 

Table  V  is  provided  as  a  supplement  to  Figure  II-9, 
This  Table  provides  engineering  and  matrix  definition  for  each, 
abstraction  instruction  listed  in.  Figure  II -9. 


I  Of NAM! C$  00033953 

,  00003943 

’.-^-OVNAMICS  AGENDUM  ANALYSIS  00003053 

:  000039 ao 

;  DYNAMICS  ANALYSIS  INSTRUCTION  SEQUENCE  30003973 

:  00003983 

:  GENERATE  ELEMENT  MATRICES  09003993 

:  00004003 

*HU8*.*L0*TR**Xa****eM&*$C>ei#  *  #f>.USEN04.  D0Q34C10 

00034023 

:  ASSEMBLE  STIFFNESS  MATRIX  AND  NASS  MATRIX  00004030 

:  .  00004040 

STIFF*  EM  oASSEM.  SC> (I I  00004050 

MASSM  *  EM  oASSEM.  SC>  1:21-  00034040 

I  .  00004010 

:  DEFINE  LUMP  MASS  AND  TOTAL  MASS  MATRIX  00004083 

J  00094090 

H5CAL,  LMASS  »  MLO  .0600  IN.  {  1,  II  00004103 

LUMPC  *  TR  .MULT.  LMASS  00004113 

Ll.LUNP  •  LUMP.O  .DEJOIN.  (SCI5>I)>U  00004X23 

OLUNP  *  LUMP  .01 AGON.  00004193 


MASS  *  MASSM  .ADD.  OLUNP 

PRINT  STIFFNESS  MATRIX  AND  MASS  MATRIX 

PRINT! pORCE> OI$P>> I  STIFF 

PRINT!  FORCE*  A£Ca»*T  MASS 

GENERATE  WHAMICS  MATRIX 

KXNVtOYNAM  a  STIFF* MASS  .CHfRIA, 

FINC  E-VALUES.  E-VECTOR S>  NORMAL  MOOES* 
fSEfiUEKCIES  AND  PRINT 

£V£LU£*EVECT»  -  6VNAN*  .EICENl.  SC 

TR0*TRt2  ®  TR  .DEJOIN.  !SC(3>11>11 
SPRINT |3»» t»SC*TRi2J  6V£CT»EVALUE 

GENERATE  STIFFNESS  AMO  GENERALIZED  MASS 
MATRICES  AND  PRINT 

RGENI  ■  8VECT.TMULH.STIFF 
KGEN  «  MGENl»M«tT„BVKT 
MSENI  »  fVECr«TMUL?oNA$S 
MCEN  a  NMWSalMItTaCtflCT 
PRINT! •»>)  IR®8N*R6SN»R INVt OVNAM 


00004140 

00004153: 

00004163 

00004173 

00004183 

09004193 

00054203 

00034213 

09034223 

09004233 

00004243 

00004253 

00004263 

00004270 

00004283 

00004293 

00004300 

00504310 

00004323 

00004330 

00004340 

00004350 

00004360 

00004370 

00004380 

00034390 

00094403 

00004410 


Figure  IJ-9  -  Dynamics  Analysis  Instruction  Sequence 
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TABLE  V  • 

DYNAMICS  INSTRUCTION  SEQUMCE 
(STEP  BY  STEP  DESCRIPTION) 


STATEMENT 

SEQUENCE 

HUMBER 


INSTRUCTION -AND  EXPLANATION 

,MLIB.  ,MLD,,TR,  MEL  *:SC,  EM,  =>., , .  USER04. 

Generates  the  element  stiffness  matrices  XEL, 
lumped  mass  matrix  column.  ML]?,,  and  element  mass 
matrices  MEL,  required  Tor  the.  dyha&ica  problem. 

STIFF«M.ASSEM.SC,(1) 

Forms  the  assembled,  reduced  stiffness  matrix,  STIFF 
from  the  element  stiffness  metrites  stored  in  EM. 

SC  contains  system  constants  required  by  the  .ASS EM, 
routine. 

MASSM=EM.ASSEM,SC,  (2) 

Forms  the  assembled  reduced  mass=  matrix,  MASS  from 
the  element  mass  matrices  stored  in  EM.  System 
information  required  by  .ASSEM.  is  Input  in  SC. 

MSCAL,LMASS=MLD.DEJOIN.  (1,1) 

pK}  ^ 

The  mass  scalar,  MSCAL  and  the  lumped  mass  column 
LMASS  are  dejoined  In  the  MLD  matrix.  It  Is  noted 
that  MSCAL  Is  the  first  row  of  MLD. 


IWi'U  «*IU**WV 

lumpoj*[trJ  [lmassj 


Transforms  the  unordered  total  lumped  mass  column, 
LMASS,  to  the  0-1-2  ordered  assembled  column,  LUMPO. 


tL,LUMF-=LUM.P0 .  DEIOIN. (SC ( 5, 1 )  ,1 ) 

[Imp]  53  [LUMP0] 


Forms  the  reduced  total  lumped  mass  column,  LUMP, 
which  reflects  I’s  and  2*s. 

DLUMP=LUMP. DIAGON . 

Diagonalizes  the  vector,  LUMP,  to  form  a  square 
diagonal  matrix,  DLUMP. 


TABLE  V 
(CONTINUED) 


STATEMENT 

SEQUENCE 

NUMBER 

INSTRUCTION  AND  EXPLANATION 

4l4 

MASS  =MASS  M . ADD . DLUMP  «. 

[MASS J  .  »  [hAssm]  +  [dlumpJ 

Augments  the  assembled  structural  mass  matrix,  MASSM 
with  the  additional  (hon-structural)  contribution 

DLUMP  to  form  the  total  mass  matrix,  MASS. 

‘  418 

PRINT(FORCE,DISP, , )  STIFF 

Prints  the  reduced  stiffness  matrix. 

420 

PRINT (FORCE, ACCEL,,)  MASS  j 

Prints  the  reduced  raa38  matrix.  j 

424 

KXNV, DYNAM=STIFF, MASS . CHTRIA. 

Solves  the  following  set  of  equations: 

[stiff]  [dynam]  =  [mass] 

rklNv]  «  Triangularized  stiffness  matrix 

[dynam]  Is  the  dynamic  matrix  and  is  equivalent  to 
the  inverse  of  the  stiffness  matrix  times  the  mass 
matrix,  i.e*,  [k]»1  [Mj  . 

42$ 

EVALUE,  _EVECT , ,  »=DYNAM,  .EIGEN1.SCL 

solve  Hdynam]  -  [evalue]  [ijj  [evect]  =  [oj 

Computes  the  required  eigenvalues  and  corresponding 
eigenvectors  of  the  dynamics  matrix  using  the  power 
method.  The  eigenvalues  are  stored  in  the  column  1 

matrix  EVALUE  and  the  corresponding  eigenvectors  j 

are  stored  as  columns  in  EVECT.  The  frequencies  and  I 
mode  shapes  are  also  printed  out.  E 

431 

TR0,TR12  =  TR. DEJOIN. (SC(5,1),1) 

$?2]  -  M 

Forms  the  matrix  TR12  which  will  be  used  by  the 
.GPRINT.  instruction. 

432 

-■ 

. GPT  NT. ( 3, , , , S C, TR12 ) EVECT, EVALUE 

Prints  the  eigenvalue  column  and  the  eigenvector 
in  engineering  format. 
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(9)  Free-Free  Dynamics  Analysis  Instruction  Sequence 
(DYNAMICS  F) 

Figure  11^10  presents  the  suggested  set  of 
abstraction  instructions  for  use  in  performance  of  a  free-free 
vibration  analysis.  This  particular  set  of  instructions  provides 
modes  and  frequencies  for  a  structural  system  in  which  the  rigid 
body  modes  are  present.  Provision  for  lumped' non-structufal 
mass  is  provided  as  well  as  the  provision  for  lumped  structural 
mass.  The  values  are  input,,  if  required,  via  the  lumped  mass 
preprinted  input  data  form  shown  in  Figure  11-16 .  It  is  noted 
from  the  lumped  mass  form  that  provision  is  made  to  input  a  mass 
scalar  value.  This  value  is  utilized  in  the  performance  of  a 
free-free  vibration  analysis-  as  follows . 

Given  the  equations  of  motion  of  a  free-free  system: 

[“][«!  +  K1  M  -  f°)  (1) 

where  M  is  a  singular  stiffness  matrix.  The  natural 

frequencies  and  corresponding  mode  shapes  can  be  determined  from 

lowest  to  highest  by  solution  of  the  following  eigenvalue  problem. 

— •  *l!1  ' 

a.  [m]+K]  _1[m3  $4  =  X;  Hi )  (2) 

from  which  the  natural  frequencies  may  be  recovered  as  follows: 

fnx  “  W  V  ^4“)  <3> 

where  is  the  mass  scalar  value  input  on  the  lumped  mass  input 
data  form.  Detailed  discussion  of  the  above  procedure  can  be 
found  in  References  12  and  13. 

It  is  noted  that  when  the  above  technique  is  utilized, 
caution  must  be  exercised  in  choosing  the  value  of  the  scalar  ^  . 
Problems  arise  in  some  cases  when  diagonal  mass  matrices  are 
employed  whose  terms  are  on  the  order  of  10  compared  to  terms  on 


I  ij 

1  . 


idynamicsf 

c 

C— - DYNAMICS  (FK££-FS££5  AGENDUM  ANALYST S. 

C  DYNAMICS  ANALYSIS  INSTRUCTION  SEQUENCE 

C  GENERATE  ELEMENT  MATRICES 

»MLI8,,M,  TR*»  XEL»»,,,M6L»Se»EK»  *  »»»  .iiSEROA. 

v 

C  ASSEMBLE  STIFFNESS  AND  CONSISTENT  MA5S  MATRICES 

C 

STIFF  *  EM  .ASSEM.  SC,  (15 
MASSM  «  EM  .ASS6M «  SC,  (2J 
C  DEFINE  LUMP  MASS 

MSCAL*  LMASS  *  H  .OfcJOJN. (i fJ» 

LUMPO  •  TR  .MULT.  LMASS 

LL,  LUMP  w  LUNPQ  .GEJOIN.  (  SC  (5, 11, It 

OLUMp  a  LUMP  »OI AGON. 

C 

C  DEFINE  TOTAL  MASS  MATRIX 

MA3S  *  MASSM  «ADP.  DLUMP 
MASS1  *  MASS  .SMULT.  MSCALU,15 
C 

C  PRINT  STIFFNESS  ANO  MASS  MATRICES 

PRINT  (FORCE*  DI5P,,»  STIFF 
PRINT  i  FORCE,  ACCEL,, 5  MASS 

C 

C  COMPUTE  DYNAMIC  MATRIX 

C 

STIFFM  «  MASS1  .ADO.  STIFF 

FLEX,  OYNAM  *  STIFFM,  MASS  .CHTRIA. 

C 

C  GENERATE  E-VALUES  ANO  FREQUENCIES  AND  PRINT 

C 

EVALUE,  EVECT,,  »  DYNAM,  .EIGENl.  SC 
TR0»7R 12  *  TR  .OEJOIN. ( SC (5 ,15 ,1 ) 

GPRINT  C  3,,,,  SC,  TR125  EVECT, EVALUE 

C 

C  GENERATE  GENERALIZED  STIFF  ANO  MASS  ,  PRINT 
C 

KGEN1  «  EVECT  .TMULT.  STIFF 
KGEN  *  KGEN1  .MULT.  EVECT. 

MGEN1  «  EVECT  .TMULT.  MASS 

MGEN  »  MGENi  .MULT,  EVECT 

PRINT  (,,,)  MGEN,  KGEN,  FLEX,  OYNAM 
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00034453 

00004463 

00004473 

00004483 

00004493 

00004S03 

00004510 

00034523 

00004533 

03034543 

03004553 

00004563 

00034570 

00004583 

00004593 

33004603 

03004613 

00004623 

00004633 

00004643 

00034653 

00004663 

00004670 

00004683 

00004693 

00004703 

00004713 

90004723 

00004733 

00004743 

00004753 

00004763 

00004770 

00004783 

03004793 

00004803 

00004813 

*30004823 

00004833 

00004843 

00004853 


Figure  11-10  -  Free-Free  Dynamics  Analysis  Instruction 
Sequence 
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the  order  of  10  in  the  stiffness  matrix.  This  requires  the 
analyst  to  adjust  the  value  of  ,  so  that  the  matrix  product 
0. t  [m]  when  added  to  the  stiffness  matrix  will  render  it 
non-singular.  A  large  value  of  can  cause  problems  when  the 
elastic  frequencies  of  interest  are  low  (say  below  10  to  15  cps)  since 
the  frequencies  being  calculated  are  a  function  of: 


It  has  been  found,  in  general,  that  when  consistent 
mass  matrices  are  employed  in  the  vibration  analysis,  a  value  of 
a „  - 1  .0  will  usually  suffice  as  the  scalar  value  of  the  mass 
matrix  multiplier. 

Table  VI  is  provided  as  a  supplement  to  Figure  11-10. 
This  Table  provides  engineering  and  matrix  definition  for  each 
abstraction  instruction  listed  in  Figure  11-10. 
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STATEMENT 

SEQUENCE 

NUMBER 


TABLE  VI 

FREE-FREE  DYNAMICS  IfSTRUCTION  SEQUENCE 
(STEP  BY  STEP  DESCRIPTION) 


INSTRUCTION  AND  EXPLANATION 


y  ML  IB  y  ,K,7R,  i  KELL,  ,  ,  , ,  MEL  ,  S  C  ,  HH  t  —t  , , ,  USERO^t. 

Generates  the  element  stiffness  matrices,  KEL, 
lumped  mass  matrix  column,  M  and  element  mass 
matrices  MEL,  required  for  the  dynamics  problem. 

STIFFsE24.ASSEM.se,  (1) 

Forms  the  assembled  reduced  stiffness  matrix,  STIFF 
from  the  element  stiffness  matrices  stored  in  EM. 

SC  contains  system  constants  required  by  the 
.ASSEM.  routine. 

MA33M=H4. ASSEM.SC, (2) 

Forms  the  assembled  reduced  mass  matrix,  MASS  from 
the  element  mass  matrices  stored  in  EM.  System 
information  required  by  .ASSEM.  is  input  in  SC. 


MSCAL,LMASS=M. DEJOIN. (1,1) 

[mass]  “  M 


The  mass  scalar,  MSCAL  and  the  lumped  mass  column 
LMASS  are  de joined  in  the  M  matrix.  It  is  noted 
that  MSCAL  is  the  first  row  of  M. 

LUMPO  =  TR. MULT. LMASS 

[lumpo]  =  [tr] [lmass] 

Transforms  the  unordered  total  lumped  mass  column, 
LMASS,  to  the  0-1-2  ordered  assembled  column,  LUMPO. 

LL, LUMP=LUMFO . DEJOIN . (SC ( 5, 1 ) , 1 ) 


— — 1  =  [lumpo] 

LUMPJ  u 


Forms  the  reduced  total  lumped  mass  column,  LUMP, 
which  reflects  l*s  and  2's. 


TABLE  VI 
(CONTINUED.) 


-  ■  . ■  " 

STATEMENT 

SEQUENCE 

NUMBER 

INSTRUCTION  AND  EXPLANATION 

I 

DLUMP*LUMP.DIAGON. 

Diagonalizes  the  vector*  LUMP,  to  form  a  square 
diagonal  matrix,  DLUMP. 

46 1 

MASS =MA3SM. ADD. DLUMP 

[mass]  =  [massm]  +  [dlumpJ 

Augments  the  assembled  structural  mass  matrix, 

MASSM,  with  the  additional  (non-structursl.) 
contribution  DLUMP  to  form  the  total-  mass  matrix, 
MASS. 

462 

MASS1«MASS , SMULT . MS  CAL (1, 1 ) 

[MASSlJ  «  US  CAL  [mass]. 

Performs  the  scalar  multiplication  of  MSCAL  times 
MASS,  This  is  equivalent  to  [Mjdetailed  in 

the  writeup. 

465 

PRINT(F0RCE,DISP,,5  STIFF 

Prints  the  reduced  stiffness  matrix. 

466 

PRINT(FGRCE, ACCEL,,)  MASS 

Prints  the  reduced  mass  matrix. 

470 

STIFFH-MASS 1 . ADD . STIFF 

[stiffm]  «  [massi]  +  [stiff] 

Add*  [MASSI]  tq.  [sTIFfJ  to  forafsTIFFM],  This  is 
equivalent  to  \  [MJ  +  [KjJ  as  described  in 
the  writeup.  » 

471 

FLEX,  DYHAM=STIFFM,  MASS .  CHTRIA . 

Solves  the  following  set  of  equations 

[stiffm]  [dynam]  «  [mass] 

[FLEX]  «  Triangularized  Stiffness  Matrix 
fbYNAM]  is  the  dynamic  matrix  and  ia  equivalent  to 
the  inverse  of  the  stiffness  matrix  times  the  mass 
matrix,  i.e.,  [k]  “*  [MJ  . 
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TABLE  VI 


(CONTINUED) 


STATEMENT 

SEQUENCE 

NUMBER 

INSTRUCTION  AND  EXPLANATION 

475 

EVALUE, EVECT, , »DYNAM, . EIGEN1 . SC 

solve  j[dynam]  -  [evalue]  [ifi  [evect]  rn  jo] 

Computes *the  required  eigenvalues  and  corres¬ 
ponding  eigenvectors  of  the  dynamics  matrix 
using  the  power  method.  The  eigenvalues  are  stored 
in  the.  column  matrix  EVALUE  and  the 
corresponding  eigenvectors  are  stored,  as  columns 
in  EVECT.  The  frequencies  and1  mode  shapes  are 
also  printed  out. 

476 

TRO,TR12=TR. DEJOIN. (SC(5,1),1) 

[ffij-  M 

Forms  the  matrix  TR12  which  is  used  by  the 
.GPRINT.  instruction. 

477 

•  GPRINT.  (-3,  , ,  , S  C #  TR12 )  EVECT,  EVALUE 

Prints  the  eigenvalue  column  and  the  eigenvector 
matrix  in  engineering  format. 

481 

KGEN1-EVECT.  TMULT  .STIFF 

[kohu]  -  [evectP  [stiff] 

Forms  the  product  of  the  transpose  of  the  eigen¬ 
vector  matrix  and  the  reduced  stiffness  matrix. 

482 

KGEN-KGEN1 . MULT . EVECT 

[kgen]  -  [evect]t  [stiff]  [evect] 

Forms  the  generalized, stiffness  matrix  in  KGEN  by 
forming  the  product  of  KGEN1  end  EVECT. 

483 

MGENI -EVECT.  TMULT.MA8S 

[mgeni]  «  [evect]t  [mass] 

Forms  the  product  of  the  transpose  of  the  eigen¬ 
value  matrix  and  the  reduced  mass  matrix. 

484 

MGEN -MGENI . MULT . EVECT 

[mgen]  -  [evect]?  [mass]  [evect] 

Fo ms  the  generalized  mass  matrix  in  MGEN  by 
forming  the  product  of  MGENI  and  EVECT. 
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(10)  Dynamics  Analysis1  Instruction  Sequence  With 

Condensation  (DYNAMICSC) 

Figure  11-11  presents  the  suggested  set  of  abstrac¬ 
tion  instructions  for  use  in  performance  of  a  vibration  analysis 
utilizing  condensation.  The  condensation  technique  used  is 
that,  of  Guyan  (Reference  11). 

The  use  of  this  technique  allows  degrees’  -of  freedom 
considered  to  be  superfluous  to  be  eliminated  through  the  use  of 
a  condensation  transformation.  The  technique  Is  analogous  to 
that  of  Statics  with  Condensation  (STATICSC)-  with  the  additional 
step  of  applying  the  condensation  transformation  to  the  mass 
matrix  as  wall  as  the  stiffness  matrix.  This  technique  yields 
an  eigenvalue  problem  which  is  much  reduced  in  size, 

As  with  the  standard  dynamics  agendum  of  Figure 
II-9  (DYNAMICS),  lumped  structural  and  non-structural  masses  are 
accommodated.  The  specialized  preprinted  input  data  form 
entitled  Lumped  Masses  (Figure  11-16)  is  utilized,  if  required. 

Degrees  of  freedom  that  ars  considered  superfluous 
and  are  to  be  condensed  (eliminated)  in  a  particular  analysis  are 
designated  by  the  number  *2'  in  the  Boundary  Condition  Section 
which  was  discussed  in  detail  on  .pp.  129-133  of  Reference  5. 

A  detailed  algebraic  statement  of  the  condensation 
procedure  which  is  performed  using  the  instructions  of  Figure  11-11 
is  given  on  pp.  87-89  of  Reference  5. 


oynamscsc 

CVNAMICS  AGENDUM,  XITH  CONDENSATION 

- - DYNAMICS  AGENDUM  ANALYSIS 

DYNAMICS  ANALYSIS  INSTRUCTION  SEQUENCE 

GENERATE  EL EM  EN  T  MATRICES 

t  ML  IB,  »MLD»TR»,K  EL  »,.»»». MEL, :5C,  EH,  *  tf»»U5£RQA« 

ASSEMBLE  St  IFFNESS  MATRIX  AND  HASS  MA  WIX- 

STIFF  «  EM  •  ASS  EM*  SCtlll 
MASSM  »  EM  .ASSEM*  SC*l2> 

DEFINE  LUMP  MASS  AND  TOTAL  MASS  MATRIX 

MSCAL,  LMASS  *  MLD  *OEJQ  Ma  (1*1) 

LUMPO  «  TP.  .MULT*  LMASS 

LI, LUMP  *  LUMPO  .OfclOIN.  (SCI5, 11,1) 

OLU**P  *  LUMP  .01  AGON* 

MASS  *  MASSM  .ADD*  DLUMP 

PRIM  STIFFNESS  MATRIX  AND  MASS  MATRIX 
PRIM!  FORCE, OISP,,  )  STIFF 

PRINT!  FORCE,  ACCEL,,  )  MASS 

GENERATE  DYNAMICS  MATRIX 

T CP, BOT  •  STIFF  .OEJQIN*  (SC(6,1),U 
KUtKia  -  TOP  •  DEJ 3 IN •  (SC(6,1)»0) 

K12T ,K 22  •  8QT.OEJOIN.  (SC('C,1),0I 
K22 I,KRI  «  K22,Ki2T  .CHTRIA* 

KR2  «  K12  *MULT.  ~KAl 
KR  ■  Kll  .ADD*  KR2 
I  DENT  •  Kll  .IDENTR. 

KRIT  «  -KRl  *TRANSP. 

GAMT  -  IOENT  .ADJOIN*  XRlT 
GAM  »  GAMT  .TRANSP. 

MRl  ■  GAMT  .MULT*  MASS 
MR  •  MRl  .MULT.  GAM 
KRI,DY RAM  •  KR,MR  .CHTRIA* 
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00005123 

00005133 
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00005150 

00005)60 
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00035253 

00005263 

00005273 

00005260 

00005293 
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Figure  11-11  -  Dynamics  Analysis  Instruction  Sequence 
with  Condensation 
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FINO  E-VALUES,  E-VECTORS,  NORMAL  MOOES,  30055123 

FREQUENCIES  AND  PRINT  Q0005S33 

00005343 

EVALU6,EVECr,,  »  0VNAR,  .CiGENl.  SC  00035353 

00005363 

TROl,  ?R2  *  TR  »  DEJOIN.  I  SCI  0,11,1}  00005370 

TRQ,TR1  »  TR01  .DEJOlN.  (SCI  5,77,1)  00035383 

GPRINT  t3,,,,SC,TR|J  EVECTiEVAtUE  00055393 

00005403 

GENERATE  STIFFNESS  AND  GENERALIZED  MASS  00005410 

MATRICES  AND  PRINT  00035423 

00005430 

KCENl  «  EVECT.TNULT.KR  30005443 

KGEN  *  KGEN1.MULT.EVECT  50005453 

NGENl  «  EVECT.TMULT.MR  00005463 

MGEN  «  MGEN1.MULT.EVECT  00005470 

00035483 

PRINT!,.,)  H6EN*KGEN,0VMAM,KR,MR  00005493 


Figure  11-11  -(Concluded) 


(11)  Free-Free  Dynamics  Analysis  Instruction  Sequence 

with  Condensation  (DYNAMICS CF) 

Figure  11-12  presents  the  suggested  set  of  ab¬ 
straction  instructions  for  use  in  performance  of  a  free-free 
vibration  analysis  with  condensation.  This  particular  set  of 
instructions  provides  modes  and  frequencies  for  a  structural 
system  in  which  the  rigid  body  modes  are  present  end  for  which 
the  technique  of  condensation  is  employed.  Provision  for  lumped 
non-structural  mass  ia  provided  as  well  as  the  provision  for 
lumped  structural  mass.  The  Mass  Scalar  value,  a,  ,  described 
In  the  Free-Free  Dynamics  Analysis  Instruction  Sequence 
previously  ia  available  to  this  set  of  instructions  and  is  used 
in  exactly  the  same  manner  as  in  DYNAMICS F. 

Degrees -of -freedom  that  are  considered  superfluous 
and  are  to  be  condensed  (eliminated)  in  a  particular  analysis  are 
designated  by  the  number  *2*  in  the  Boundary  Condition  Section 
which  was  discussed  in  detail  on  pp.  129-133  of  Reference  5,  It 
is  noted  that  User  judgement  is  required  in  deciding,  which 
degrees -of-freedom  lh  a  particular  analysis  are  superfluous  and 
which  are  essential.  An  objective  approach  to  this  decision 
making  process  is  presented  in  Reference  14. 

The  procedure  utilized  in  Figure  11-12  is  very 
similar  to  that  employed  in  dynamic  substructuring.  A  detailed 
algebraic  statement  of  the  dynamic  substructuring  process  is 
given  on  pp.  146-165  of  Reference  4. 
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«AM5CSCF 

— ^  DYNAMICS  AGENDUM,  MITM  CONDENSATION 
— DYNAMICS  ACENOU*  ANALYSIS 

DYNAMICS  ANALYSIS  INSTRUCTION  SEQ’JENCE 
Gf  N  E R AT  E  a  6MENT  RATR ICES 
9  ML  18*  M»  TRft  m,t,,,NSL,SCt£H,  *  ,,,  •  USER 04* 

assemble  stiffness  and  consistent  mass  matrices 

STIFF  *  EM.  ASSEH*  SC,  tit 

KAS5M  «  EM«  ASSEM.  SC, I  21 

DEFINE  LUMA  NASS 

MSCAL,  LMASS  *  M.  OEJOfMltlt 

LUPPO  «  T.R  .MULT.  INASS 

fck,  LUPf  •  LUMPQ  .Of  JO  IN.  t$C{  5,  D,U 

OLUMP  «  LUMF  .CIACOM. 

DEFINE  TOTAL  MASS  MATRIX 
NASS  -  MASS*  .ADD.  OMJNP 

PRINT  STIFFNESS  MATRIX  AND  MASS  MATRIX 
PRINT t FORCE, DISP*,!  STIFF 


PRINTS  FORCE, ACCEL,, I  MASS 

GENERATE  DYNAMICS  MATRIX 

TCP, BO?  ■  STiFF  .DEJOIN.  I  SCI  6,11,1) 
KI1»K12  «  TOP  .0EJ3W.  «SC(0,EM> 
K12T »K22  -  90T.0EJQ  IN.  ISCI6«l)«0i 
K22I,KR1  »  X22,X12T  .CHIR2A. 

KR2  «  Kl2  .MULT.*  «*R| 

KR  *  K1I  .ADD.  KR2 
IOENT  «  Kll  .I06NTR. 

KR1T  •  -KRI  .TRANSP. 

GAMT  -*  IOENT  .ADJOIN.  KRIT 


aoojsvjj 
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00005863 

00005873 

00905883 

00035893 

00005903 


Figure  11-12  -  Free-Free  Dynamics  Analysis  Instruction  Sequence  with 
Condensation 
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GAP  *  GAMT  .TRANSP. 

MR1  *  GAM?  .MULT.  MASS 
HR  ■  MR  1  aMULT •  GAM 
MM  •  HfUSNULta  MSCAL(|,U 
KM  *  MM  •  ADO#  KR 
KRItCVAAM  *  KM.MR  »CHTR  !A* 

FINC  E-VALUES*  E-VEC TORS*  NORMAL  MODES* 
FRECUENCIES  AND  PRINT 

FVAIUE,  EVECT  *  *  *  OYNA*  *  .EIGEN1.  SC 

TPOl,  TR2  «  TR  iDEjaiN.  <$C(8*1MI 
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Figure  11-12  -  (Concluded) 


d«.  Agendum1  Level  Abstraction  Instructions 

The  Agendum  level  abstraction  capability  incorporated 
into  the  MAGIC  II  System  has  been  retained  and  expanded  in  the 
MAGIC  III  System,  The  abstraction  instructions  for  specified 
analyses  will  be  automatically  generated  for  the  User  when  he 
specifies  the  corresponding  option-  on  the  ^INSTRUCTION  card. 

The  Agendum;  library  is  expandable  and'  the  addition  of  more 
abstraction  instruction  seguences  (Agendum)  only  requires  the 
updating  of  subroutine  AGBNDM,  and  of  course  the  Agendum  library 
itself.  The  use  of  ah  Agendum  in  no  way  restricts  the  User  because 
he  can  include  in  his  input  deck  his  own  abstractions  to  be  merged 
with  the  selected  agendum. 

Subroutine,- AGENDM  controls  the  selection, from  the 


Agendum  library  of  the  abstraction  instruction  sequence  requested 
on  the  $ INSTRUCTION  card.  At  present,  this;  subroutine  has  the 
capability  to  select  the  following  Agendums* 


1. 

STATICSASYM 

(Linear  Elastic  Displacement  and  Stress 
Analysis,  Triangular  Ring  -Asymmetric 
Loading) 

2. 

STATICS 

(Linear  Elastic  Displacement  and  Stress 
Analysis.) 

3. 

STATICS C 

(Linear  Elastic  Displacement  and  Stress 
Analysis  With  Condensation) 

h. 

STATICS 2 

(Linear  Elastic  Displacement  and  Stress 
Analysis  With  Prescribed  Displacements) 

5. 

STABILITY 

(Linear  Elastic  Instability  Analysis 
Using  Cholesky  Triangularization) 

6. 

STABILITYA 

(Linear  Elastic  Instability  "Analysis 
Using  Matrix  Inversion) 

7» 

DYNAMICS 

(Vibration  Frequencies,  Mode  Shapes, 
Generalized  Mass  and  Stiffness 
for  Supported  Structures) 
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8.  DYNAMICSF 

9-.  DYNAMICS  C 


10.  DYNAMICS CF 


(Free-Free  Vibration  Frequencies,  Mode 
Shapes-,  Generalized  Mass  and  Generalized 
Stiffness  for  Unsupported  Structures) 
(Vibration  Frequencies,  Mode  Shapes, 
Generalized  Mass  and  Generalized 
Stiffness  with.  Condensation  for 
Supported  Structures.) 

(Free-Free' Vibration  Frequencies,  Mode 
Shapes-,  Generalized  Mass  and.  Generalized 
Stiffness  with  Condensation  for 
Unsupported  Structures.) 


The  present  AGENDUM1  library  is  designed  to  be  updated  as 
new  Agendums  become  available.  The  programming  procedure  utilized 
to  add  additional  options  to  the  library  is-  discussed  in  Appendix 
IX  of  Reference  8. 


It  is  emphasized  that  the  User  is  not  restricted  to 
the  use  of  the  above  Agendums.  They  ere  included  as  a  convenience 
feature  to  automatically  generate  the  required  instructions  for 
a  given  standard  analysis. 

An  example  of  non-agendura  usage  is  as  follows 
CC 

1  7  16 
$MAGIC 

$RUN  GO 

$ INSTRUCTION  SOURCE 

£user  Input  Abstraction  Instructions]! 

^SPECIAL 

(^Report  From  Input  Deck  for  .USER04,  Instruction^ 


C,  STRUCTURAL  INPUT  DATA 
X.  General  Description 

Significant  portions  of  the  labor  and  computer  costs  of 
structural  analysis  a~3  occasioned  by  incomplete  or  improper 
specification  of  structural  input  data.  In  recognition  of  this, 
a  number  of  features  have  been  incorporated  into  the  MAGIC  System 
to  assist  in  the  confirmation  of  problem  data  prior  to.  execution. 

The  most  important  of  these  ere  the  prelabeled  input  data  forms 
which  are  an  integral  part  of  the  MAGIC  System. 

All  features  which  were  incorporated  into  MAGIC  I  and  II  are 
retained  and.  expanded  in  MAGIC  III.  Additional  prelabeled  input 
data  forms  have  been  added  to  MAGIC  III  to  support  the  expanded 
capability  of  the  System.  These  input  data  forms  contain  a  number 
of  special  features,  e.g., 

(1)  "MODAL”  Options  are  provided  which  preset  a  table  to 
a  given  set  of  values.  This  MODAL  option  may  be  used 
where  indicated. 

(2)  "REPEAT"  Options  are  provided,  which  minimize  the 
input  data  specified,  by  the  User.  This  REPEAT 
option  may  be  used  where  Indicated. 

(3)  The  User  exercises  control  options  simply  by  placing 
an  *X‘  in  a  given  location  on  a  prelabeled  input  data 
form. 

(4)  The  prelabeled  input  data  forms  have  permanent  label 
cards  which  automatically  precede  subsets  of  data 
thereby  allowing  flexibility  in  the  arrangement  of 
input  decks. 

(5)  Zeros  must  be  indicated  where  pertinent.  Blanks  are 
never  zeros  except  where  specifically  indicated. 

(6)  Only  prelabeled  input  forms  associated  with  options 
that  are  exercised  in  any  particular  problem  are 
needed.  Data  associated  with  options  not  exercised 
are  simply  omitted. 
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Prelabeled  input  data  forms-  new  to  the  MAGIC  III  System  are 
as  follows:: 

(1)  Element  Temperature  Input.  Section 

(2)  Element  Pressure  Input  Section 

(3)  Element  Pre-Strain  and  Pre-Stress  Input  Section 

(4)  lumped  Mass  and  Free-Free  Input  Data  Section 

Additional  prelabeled  input  data  forms  peculiar  to  the 
triangular  ring  element  which  accommodates  asymmetric,  loading  have' 
also  been  added  to  MAGIC  III.  These  data  forms  will  be.  described 
in  detail  In  the  Element  Input  Section  which  appears  later  in  this 
document. 

The  numerical  input  pertinent  to  the  above  data  is  presented 
in  floating  point  and  fixed  point  notations.  In  floating  point 
notation,  the  decimal  point  is  always  showri  on  the  input  data  and  in 
fixed  point  notation  the  decimal  is  never  shown.  The  floating  point 
notation  is  applicable,  for  example,  to  measurable  quantities  such 
as  loads,  coordinates,  etc.  The  fixed  point  notation  is  limited  to 
whole  numbers  or  integers  such  as  grid  point  numbers. 

In  floating  point  notation,  a  number  may  be  written  in 
either  the  conventional  manner  dr  ao  a  factor  of  10n;  for  example, 
the  number  30  000  000  -  30  x  10^  cari  be  written  as  either  30  000  000 
or  30.0  E6.  For  numerical  input  data  (both  fixed  and  floating 
point)  plus  signs  are  not  normally  used.  Negative  numbers  and 
negative  exponents,  however,  must  be  (preceded  by  a  minus  sign. 

It  is  to  be  noted  that  the  $ 'relabeled  input  data  forms 
discussed  in  this  section  are  to  be  used  in  conjunction  (when 
necessary)  with  the  existing  MAGIC  System  prelabeled  data  forms. 

The  description  for  proper  usage  of  existing  forms  is  delineated  in 
detail  on  pp.  93  -  213  of  Reference  5. 

The  procedure  used  in  the  -preparation  of  the  additional 
prelabeled  data  forms  will  now  be  explained  in  detail.  It  is 
important  to  note  that  slashes  (/)  which  appear  on  the  prelabeled 
input  data  forms,  instruct  the  Keypunch  Operator  to  proceed  to  the 
next  entry  position  on  the  input  data  form,  or  if  all  entries  have 
been  punched,  to  the  next  data  section. 
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2.  Element  Temperature  Input  Section  (Figure  11-13) . 

Loading  which  arises  from  elevated  temperature  is 
considered  as  element  applied  loading  and;  is  transformed  into  con¬ 
sistent  energy  equivalent  grid  point  loads  according  to  element 
type.  For  convenience  to  the  User,  temperature  values  (or  temperature 
gradients)  can  either  be  input  at  each  grid  point,  or  as  element 
related  data. 

To  provide  for  grid  point  temperature  input,  the  Grid  Point 
Temperature  labeled  data  form  was  provided  in  the  MAGIC  II  System 
and  is  detailed  on  pp,  114-117  of  Reference  5. 

An  additional  option  is  provided  in  MAGIC  III  for  element 
related  temperature  data.  In  this  section,  the  User  may  employ  two 
time  saving  devices: 

(1)  MODAL  -  The  MODAL  option  automates  the  specification 
of  recurring  values  within  a  subset  of  input  data. 

This  feature  enables  data -prescribed  initialization 
of  tables.  Explicit  data  requirements  are  thereby 
limited  to  the  specification  of  exceptions  to  the 
MODAL  initialization. 

(2)  REPEAT  -  A  REPEAT  option  is  available  which  allows  the 
User  to  retain  data  from  a  previous  point  for  the 
indicated  point. 

The  prelabeled  input  data  form  provided  for  the  Element 
Temperature  Input  Section  is  shown  in  Figure  11-13  The  first  entry 
on  the  form  is  prelabeled  ELTEMP  and  requires  no  information  from 
the  User. 

The  second  entry  on  the  form  is  the  MODAL  entry  which  allows 
the  Use"  to  input  element  temperature  data  which  the  System  assumes 
to  apply  to  every  element  unless  otherwise  indicated  in  the  Element 
Number  Entries  which  follow  the  MODAL  entry.  MODAL  is  pre-labeled 
in  Columns  1  through  5.  Columns  6  through  12  are  left  blank.  The 
number  of  temperatures  to  be  entered  as  MODAL  values  is  entered  as 
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a  right  justified  fixed  point  number  in  Columns  13  and  14.  The 
next  sixty  columns  of  this  card  {Columns  15  through  74)  and  the 
same  sixty  columns  of  the  next  card,  combine  to  form  twelve  ten 
column  fields ,  Up  to  twelve  temperatures  per  element  may  ha  entered 
as  MODAL  values.  If  six  or  less  temperatures  are  entered,  only  one 
card  is  used  for  the  MODAL  values.  The  number  and  sequence  of 
temperatures  which  are  entered  in  these  locations  are  functions 
of  the  type  of  element  being  employed  in  the  analysis.  This  input 
is  element  related  and  will  be  explained  in  detail  for  each 
element  in  the  sections  which  delineate  the  element  descriptions. 

The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  the  Element  Numbers,  Repeat  Option, 

Number  of  Temperatures,  and  Element  Temperature  Input,,  e.g,. 

Element  Number  -  (Col.  7-11) 

(1)  Element  numbers  are  entered  as  fixed  point  numbers. 

(2)  Element  numbers  must  be  entered  consistent  with  the 
order  in  which  they  were  entered  in  the  Element  Control 
Data  Section. 

Repeat  -  (Col.  12) 

The  repeat  option  provides  the  User  with  the  opportunity  to 
repeat  Temperature  Input  from  element  to  element.  This  is 
accomplished  in  the  following  manner.  If  the  Temperature 
Input  for  a  ni'inber  of  elements  is  identical,  the  User  enters 
the  element  number  and  associated  input  for  the  first 
element.  For  the  following  elements  having  the  same  input, 
only  the  Element  Number  (Col.  7  -  11)  and  an  'X1  in  the 
Repeat  column  need  be  entered.  If  the  Repeat  option  is 
used,  do  not  make  any  further  entires  on  this  card.  (Be 
sure  to  leave  Cols .  13  and  14  blank. ) 
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Number  of  Temperatures  { Cols ,  13  r  14) 

The  number  of  temperatures  to  be  entered  for  the  element  is 
entered  as  a  fixed  point  number  in  Cols,  13  and  14.  This 
field  must  be  left  blank  for  subsequent  entries  if  they 
are  being  repeated  fro®  previous  entries* 

Temperatures  (Cols.  15.-  72) 

Up  to  twelve  temperatures  are  entered  in  fields  of  ten 
starting  in  Column  15  SRd  continuing  to  74  for  the  first 
six,  and  again  in  Cols,  15  through  74  of  a  second  card  if 
necessary.  The  number  of  temperatures  needed  depends 
upon  the  element  being  described.  This  information  is 
delineated  in  detail  in  the  section  on  Element  Descriptions, 

REMEMBER; 

(1)  For  a  problem  with  identical  input  for  every  element  only 
the  MODAL  entry  is  required. 

(2)  The  repeat  option  can  be  used  effectively  for  sets 
of  elements  that  have  the  same  input.  However,  element 
numbers  must  be  entered  consistent  with  the  order  in 
which  they  were  entered  in  the  Element  Control  Data 
Section. 

(3)  If  the  repeat  option  is  used,  leave  the  field  for  the 
number  of  temperatures  blank  (Cols.  13  and  14)  for  subsequent 
entries  if  they  are  being  repeated  from  previous  entries. 

(4)  If  six  or  less  temperatues  are  entered,  only  one  card 
is  used  for  that  particular  element  number.  Do  not 

y  ’t  in  an  extra  blank  card. 

(5)  The  type  of  temperature  input  required  for  an  element 
is  a  function  of  element  type. 
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MAGIC  STRUCTURAL  ANALYSIS 


Figure  11-13  -  Element  Temperature  Input  Data  Form 


3.  Element  Pressure  Input  Section  (Figure  11-141 

Loading  which  arises  from  distributed  pressure  is  considered 
as  element  applied  loading  and  is  transformed  into  consistent 
energy  equivalent  grid  point  loads  according  to  element  type.  For 
convenience  to  the  User,  pressure  values  can  either  be  input 
at  each  grid  point,  or  os  element  related  data. 

To  provide  for  grid  point  pressure  input,  the  Grid  Point 
Pressure  labeled  data  form  was  provided  in  the  MAGIC  II  System  and 
is  detailed  on  pp.  110-113  of  Reference  5. 

An  additional  option  is  provided  in  MAGIC  III  for  element 
related  pressure  data.  In  this  section,  the  User  may  employ  the  same 
two  time  saving  devices  as  previously  described  in  the 
Element  Temperature  Section,  e.g.,  The  MODAL  and  Repeat  Options, 

The  prelabeled  input  data  form  provided  for  the  Element 
Pressure  Input  Section  is  shown  in  Figure  II- 14.  The  first  entry 
on  the  form  is  prelabeled  ELPRESS  arid  requires  no  information  from 
the  User. 

The  second  entry  on  the  form  is  the  MODAL  entry  which  allows 
the  User  to  input  element  pressure  data  which  the  System  assumes 
to  apply  to  every  element  unless  otherwise  indicated  in  the 
Element  Number  Entries  which  follow  the  MODAL  entry.  MODAL  is 
pre-labeled  in  Cols.  1  through  5.  Columns  6  through  12  are 
left  blank.  The  number  of  pressures  to  be  entered  as  MODAL  values 
is  entered  as  a  right  justified  fixed  point  number  in  Columns  13  and  14. 
The  next  sixty  columns  of  this  card  (Cols,  15  through  74)  and  the 
same  sixty  columns  of  the  next  card  combine  to  fora  twelve  ten 
column  fields.  Up  to  twelve  pressures  may  be  entered  as  MODAL 
values.  If  six  or  less  pressures  are  entered,  only  one  card  is 
used  for  the  MODAL  values.  The  number  and  sequence  of  pressures 
which  are  entered  in  these  locations  are  functions  of  the  type  of 
element  being  employed  in  the  arialysis,  .This  input  is  element 
related  and  will  be  explained  in  detail  for  each  element  in  the 
sections  which  delineate  the  element  descriptions. 
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(1)  Element  numbers  are  entered  as  fixed  point  numbers. 

(2)  Element  numbers  must  be  entered  consistent  with  the 
order  in  which  they  were  entered  in  the  Element  Control 
Data  Section. 

Repeat  -  (Col.  12) 

Th£  repeat  option  provides  the  User  with  the  opportunity 
to  repeat  Pressure  Input  from  element  to  element.  This  is 
accomplished  in  the  following  manner.  If  the  Pressure 
Input  for  a  number  of  elements  is  identical,  the  User  enters 
the  element  number  and  associated  input  for  the  first 
element.  For  the  following  elements  having  the  same  input, 
only  the  Element  Number  (Col.  7  -  11)  and  an  'X'  in  the 
Repeat  column  need  be  entered.  If  the  Repeat  option  is 
used,  do  not  make  any  further  entries  on  this  card.  (Be 
sure  to  leave  Cols.  13  and  14  blar.k.) 

Number  of  Pressures  -  (Col.  13  -  14) 

The  number  of  pressures  to  be  entered  for  the  element  is 
entered  as  a  fixed  point  number  in  Cols.  13  and  14.  This 
field  must  be  left  blank  for  subsequent  entries  if  they 
are  being  repeated  from  previous  entries. 

Pressures  (Col.  15  -  74) 

Up  to  twelve  pressures  are  entered  in  fields  of  ten  starting 
in  Column  15  and  continuing  to  74  for  the  first  six,  and 
again  in  Cols.  15  through  74  of  a  second  card  if  necessary. 
The  number  of  pressures  needed  depends  upon  the  element 
being  described.  This  information  is  delineated  in  detail 
in  the  section  on  element  description. 


REMEMBER: 


(1)  For  a  problem  with  identical  input  for  every  element 
only  the  MODAL  entry  is  required. 

(2)  The  repeat  option  can  be  used  effectively  for  sets 
of  elements  that  have  the  same  input.  However, 
element  numbers  must  be  entered  consistent  with  the 
order  in  which  they  were  entered  in  the  Element  Control 
Data  section. 

(3)  If  the  repeat  option  is  used,  leave  the  field  for  the 
number  of  pressures  blank  (Cols.  13  and  14)  for  subsequent 
entries  if  they  are  being  repeated  from  previous 

entries . 

(4)  If  six  or  less  pressures  are  entered,  only  one  card 
is  used  for  that  particular  element  number.  Do  not 
put  in  an  extra  blank  card, 

(5)  The  type  of  pressure  input  required  for  an  element 
is  a  function  of  element  type. 

4.  Element  Pre-Strain  and  Pre-Stress  Input  Section  (Figure  11-15.) 

A  prelabeled  input  data  form  is  provided  for  element  pre¬ 
strain  and  pre-stress  input.  This  form  is  used  for  elements 
which  accommodate  pre-strain  and/or  pre-stress  input  (Figure  11-15). 

The  first  entry  on  the  input  data  form  is  prelabeled  STST 
and  requires  no  information  from  the  user. 

The  second  entry  on  the  form  identifies  all  the  following 
information  as  pertaining  only  to  strain,  only  to  stress,  or  both 
strain  and  stress.  Columns  seven  and  eight  are  the  only  columns 
that  contain  information  on  the  second  card.  An  'X'  in  Column  7 
and  Column  8  left  blank  identifies  that  only  pre-strain  data  will 
follow.  A  blank  in  Column  7  and  an  'X'  in  Column  8  means  that 
only  pre-stre&s  data  will  follow.  If  both  Columns  7  and  8  contain 
an  'X',  both  pre-strain  and  pre-stress  data  will  follow.  Note  that 
this  card  must  be  present  in  an  'STST*  input  section,  and  an  'X' 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


Figure  II-3A  -  Element  Pressure  Input  Data 


oust  appear  in  either  Column  7  arid/or  Column  8.  No  default, 
has  been  allowed  -for  this  card,  and:  its  omissioh  is  an  error. 

The  third  isntry  on  the  input  data  form  is  the  MODAL  entry, 
This  entry  aliens  the  user  t<?  input  pre-strain  and/or  pre-stress 
data  (depending  on  what  was  indicated  on  card  number  two)  which 
the  System  assumes  to  apply  to  every  element  unless  otherwise 
indicated  in  the  Element  Number  entries  which  follow  the  MODAL 
entry * 

MODAL  is  pre-iabeled  in  Cols,  1  through  5*  Column  6 
through  12  are  left  blank.  The  next  sixty  columns  (Cols.  13  -  72) 
are  divided  into  six  ten:  column  fields .  If  Only  pre-strain  input 
is  indicated  on  card  two,  six  values  of  pre-strain  are  placed  on 
this  card.  If  only  pre-stress  input  is  indicated,,  six  values  of 
pre-stress  are  placed  on  this  card.  If  both  pre-strain  and  pre¬ 
stress  are  indicated,  six  values  of  pre-strain  are  placed  on  this 
card  and  six  values  of  pre-stress  are.  placed  on  the  next  card  in 
the  corresponding  fields.  The  MODAL  entry  is  pptional  and  should 
be  employed  only  when  the  User  wishes  to  input  pre-strain  and/or 
pre-stress  data  for  every  element. 

The  following  entries  in  this  section  contain  information 
pertaining  to  Element  Numbers,  Repeat  Option  and  Pre-Strain  and/or 
Pre-Stress  Input,  e.g,. 

Element  Number  -  (Cols,  7  -  11) 

(1)  Element  numbers  are  entered  as  fixed  point  numbers. 

(2)  Element  numbers  must  be  entered  consistent  with 
the  order  in  which  they  were  entered  in  the  Element 
Control  Data  Section. 


Repeat  -  (Col.  12) , 

The  repeat  option  provides  the  User  with  the  opportunity  to 
repeat  pre-strain  and/or  pre-stress  input  from  element  to 
element.  This  is  accomplished  in  the  following  manner. 

If  the  input  for  a  number  of  elements  la  identical,  the 
User  enters  the  element  number  and  associated  element 
input  for  the  first  element.  For  the  following  elements 
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having  the  same  input*  only  the  Element  Number  (Col.  7  -  11) 
and  an  *Xf  in  the  'Repeat  column  need  be  entered. 

PrerS train,  or  Rre-rStress  Data  (Col.  13  72) 

The  format  of  this  data  is  analogous  to  that  of  the  MODAL 
entry.  One  dr  two  cards  are  used  depending  upon  whether 
only  pre-strain,  only  pre-stress,  or  both  pre-strain  and 
pre-stress  are  indicated  on  card  number  two. 

The  information  describing  the  sequence  of  pre-strain  or 
pre-stress  data  is  element  dependent  and  is  presented  for  each 
of  the' applicable  element  types  in  the  section  on  element 
description;  ~~~~ . .  . 

REMEMBER: 

(1)  For  a  problem  with  identical  input  for  every  element 
only  the  MODAL  entry  is  required. 

(2)  The  repeat  option  can  be  used  effectively  for  sets 
of  elements  that  have  the  same  input.  However, 
element  numbers  must  be  entered  consistent  with  the 
order  in  which  they  were  entered  in  the  Element 
Control  Data  Section. 


(3)  The  type  of  pre-strain  and/or  pre-stress  input  required 
for  an  element  is  a  function  of  element  type. 


Figure  11-15  -  Element  Pre-Strain  or  Pre-Stress  Input  Data  Form 


5,  Lumped  Mass  arid  Free-Free  Input  Section  (Figure  11-16.) 

Lumped  structural  and  noh-structural  masses  are  specified 
by  component  against  grid  point  .number.  The'  axes  of  reference  are 
specified  with  reference  to  the  Global  System. 

The  labeled  input  data  format:  provided  for  the  Lumped 
Mass  Section  is  shown  in  Figure  11-16 .  A  total -of  nine  possible 
mass  values  are  provided  for  in  this  section.  These  are  as  follows; 

(1)  Three  Direct  Inertias  (Mx,  My,  M  ^ 

(2)  Three  Rotational  inertias  (Mgx,  Mgy,  M0Z)  and 

(3)  Three  Generalized  Inertias  (M^>  Mg,  Mg);. 

The  total  number  of  degrees,  of  freedom  entries  per  grid 
point  is  dependent  on  the  element  type  being  employed  in  the  analysis. 
Three  types  appear  in  the  MAGIC  ill  System,  i.e., 

(1)  Triangular  Cross-Section  Ring,  Trapezoidal  Cross-Section 
Ring  (Core)  -  Three  Degree-of -Freedom  entries  per.  point; 
Possible  Inertia  Values  (M  ,  M  .  M_). 

(2)  Frame  Element,  incremental  Frame,  Quadrilateral  Shear 
Panel,  Quadrilateral  and  Triangular  Thin  Shell  Elements, 
Quadrilateral  and  Triangular  Plate  Elements,  Symmetric 
Shear  Web,  High  Aspect  Ratio  Quadrilateral  Thin  Shell, 
Tetrahedron,  Triangular  Prism,  Rectangular  Prism  - 

Six  Degree-of -Freedom  entries  per  point;  Possible 
Interla  Values  (Mx,  Myi  Mz,  MQx,  MQy,  M0Z). 

(3)  Toroidal  Thin  Shell  Ring  -  Nine  Degree-of -Freedom  entries 

per  point;  Possible  Inertia  Values  (M„,  0  M  .  0  MQ,r, 

a  ,  a  ,  wy 

0,  M^,  0,  Mg).  The  M^,  0  and  Mg  are  a  86t  of  general¬ 
ized  masses  which  correspond  to  jion-physical  derivative 
degrees -of -freedom  for  the  toroidal  ring.  In  general, 
these  values  are  set  equal  to  zero. 
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The-  Explicable  concentrated  masses  are  entered  as 
floating  $4ltX  numbers .  It  id  important  to  note  that  Keypunch 
Personnel  ham' been  instructed  to  ignore  entries  that  are  not  filled 
in.  Blank  entries  are  not  considered  as  zeros ,  Zeros  must  be 
entered  in  m  entry  when  applicable. 

The  first  entry  on  the  Lumped  Mass  input  data  form  is 
prelabeled  MASS  and  requires  no  information  from  the  User,  The 
second  entry  is  prelabeled  SCALE  in  Columns  1-5  and  the  integer 
1  in  Column  11.  The  User  supplies  one  item  of  information  for  this 
entry  ss  follows : 

Mass  Scalar  -  (Cols,  13-22) 

The  Mass  Scalar  value  is  entered  as  a  floating  point  number 
and  is  used  when  performing  a  free-free  vibration  analysis 
with  or  without  condensation. 

The  Value  of  the  mass  scalar  corresponds  to  the  value  of 
the  constant,#,  ,  which  multiplies  the  assembled  mass  matrix. 
(Note  the  descriptions  of  free-free  dynamics  analysis 
(DYNAMIC3F)  and  free-free  dynamics  analysis  with 
condensation  (DYNAMICS CP)  which  appear  on  pp.  82-84  and  92 
of  this  report.) 

It  is  noted  that  If  a  free-free  analysis  Is  not  being 
performed,  the  mass  scaler  Is  not;  utilized..  Furthermore, 
this  input  data  form  need  only  be  utilized  for  the  following: 

(1)  Free-free  vibration  analyses  with  or  Without  condensation 
and  with  or  without  lumped  structural  or  non-structural 
masses. 

(2)  Vibration  analysis  (rigid  body  modes  suppressed)  with 
or  without  condensation  and  with  lumped  structural  or 
non-ctructural  masses. 
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The  next  entry  on  the  form  is  the  MODAL  entry.  This 
entry  allows  the  User  to  input  a  set  of  mass  values  which  the  program 
assumes  to  apply  to  every  grid  point  unless  otherwise  indicated 
by  a  separate,'  grid  point  entry  on  the  grid  point  cards.  MODAL  is 
prelabeled  on  this  card  and  the  only  information  required  by  the 
User  are  the  lumped  mass  values  which  have  been  discussed 
previously. 

The  third  and  following  entries  contain  information 
pertaining  to  the  Grid  Point  Numbers,.  Repeat  Option  and  Lumped 
Masses,  as  follows: 

Grid  Point  Number  -  (Cols.  7-11 V 

(1)  Grid  Point  Numbers  are  entered  as  fixed  point  numbers. 

(2)  Grid  Point  Numbers  can  be  entered  in  any  sequence 
desired. 

Repeat  -  (Col.  12) 

The  repeat  option  allows  the  User  to  repeat  values  of 
lumped  mass  from  grid  point  to  grid  point.  This  is 
accomplished  in  the  following  manner.  If  the  lumped  mass 
values  at  a  number  of  grid  points  are  identical,  the  User  enters 
the  grid  point  number  and  associated  lumped  mass  values  for 
the" first  grid  point.  For  the  following  points  baring 
identical  lumped  masses  only,  the  grid  point  number 
(Col.  7-11)  and  an  "X"  in  the  repeat  (Col.  12)  need  be 
entered.  If  the  repeat  option  is  employed,  only  one  card 
per  grid  point  is  required  for  the  lepeated  entry 
irregardless  of  whether  the  degree-of-freedom  entries  per 
grid  point  are  three,  six  or  nine. 
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Remember: 

(1)  The  Bumped  Mess  input  data  section  is  utilized  for 
the  following: 

a.  PreerPre©  vibration  analysis  with  or  without 
condensation  and  with  or  without  lumped  structural 
or  non-structural  masses.  Note  that  for  free-free 
analysis  &  mass  scalar  value  not  equal  to  zero  is 
required  to  properly  perform  the  analyses  as  defined 
hy  the  DYNAMICS?  and  DYNAMICS CP  Agendums. 

b.  Vibration  analyses  with  or  without  condensation 

(in  which  the  rigid  body  modes  have  been  suppressed) 
with  lumped  structural  or  non-structural  masses. 

For  this  case  the  mass  scalar  value  is  set 
equal  to  0.0  or  it  is  not  entered.  If  there  are 
no  lumped  masses  present,  the  form  Is  omitted. 

(2)  The  Repeat  option  can  be  used  effectively  for  sets 
of  grid  points  having  Identical  lumped  masses. 

(3)  Lumped  masses  are  not  element  related  and  should  not 
be  confused  with  element  generated  mass  matrices. 

(4)  Zeros  must  be  entered  when  applicable.  Blanks  are 
not  zeros. 

(5)  If  the  number  of  degrea-df -freedom  entries  per  grid 
point  is  equal  to  three  (3)  then  only  the  inertia 
values  (Mx,  My,  Mz)  are  applicable.  The  other  two 
entries  (Rotational  and  Generalized  Masses)  are 
ignored  by  the  User, 

(6)  If  the  number  of  degrees -of -freedom  entries  per  grid 
point  is  equal  to  six  (6)  then  the  Translational  and 
Rotational  Inertia  values  must  be  considered.  If, 
for  instance,  at  a  certain  grid  point  there  are 
translational  Inertias  but  no  rotational  inertias. 


114 


.  zeros  must  be  entered  for  the  rotational  inertia 
values  or  this  entry  will  be  ignored  by  the  Keypunch 
Operator.  This  would  cause  premature  termination 
of  the  run  since  six  degree-of- freedom  elements  require 
two  lumped  mass  cards  per  grid  point. 

(7)  if  the  number  of  dsgree-of -freedom  entries  per  grid 
point  is  equal  to  (9),  then  Translational,  Rotational 
and  Generalized  Masses  must  be  entered.  If  some  of 
these  entries  are  equal  to  zero,  these  zero  values 
must  still  be  entered*  otherwise,  the  entries  will 
be  ignored  by  the  Keypunch  Operator  causing 
premature  termination  of  the  run, 

(8)  Repeated  grid  points  require  only  one  card. 
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6.  Element  Control  Data  Section  (Figure. XI-17) 

The  Element  Control  Data  Section  establishes  control  on 
the  types  and  number  of  elements  which  are  to  be  used  in  a  specific 
analysis.  A  prelabeled  input  data  form  is  provided  for  the  Element 
Control  Data  Section  and  is  shown  in  Figure  XI-17.  This  form  is 
applicable  to  all  finite  elements  which. are  contained  in  the 
MAGIC  Library.  Upon  examination  of  the  form.  It  is  seen  that 
certain  data  are  applicable  to  all  of  the  elements  in  the  library 
while  other  data  are  element  dependent. 

The  first  entry  on  the  form  is  prelabeled  ELEM  and 
requires  no  information  from  the  User.  The  second  and  following 
entries  contain  the  following  information. 

Element  Number  -  ( Cols .  7-10) 

(1)  The  element  number  which  defines  the  element 
being  considered  is  entered  in  this  location. 

(2)  Elements  can  be  entered  in  any  sequence  desired. 

(3)  The  element  number  is  entered  as  a  fixed  point 
number. 

Plug  Number  -  (Cols.  11-12) 

(1)  Each  additional  finite  element  in  the  Element 
Library  haB  an  identification  number  as  follows: 

(a)  Number  52  -  (Rectangular  Prism) 

(b)  Number  50  -  (Tetrahedron) 

(c)  Number  51  -  (Triangular  Prism  and  Symmetric 

Triangular  Prism) 

(d)  Number  29  -  (Symmetric  Shear  Web) 

(e)  Number  38  -  (High  Aspect  Ratio  Quadrilateral 

Thin  Shell) 

(f)  Number  31  -  (Triangular  Cross-Section  Ring, 

Asymmetric  Loading) 

(2)  Identification  Numbers  are  entered  as  fixed  point 
numbers . 
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Figure  11-17  -  Element  Control  Data  Form 


Material  Number  -  (Cols.  13-3.8) 

The  material  number  is  the  number  of  the  material 
associated  with  the  element  in  question.  This  number  is 
referenced,  to  the  material,  tape..  For  instance*  if  the 
User  were  using-  material  number  JL38,.  this  material  would 
have  had  to-  be  on  the  tape  at  the  time  of  the  run  or  be 
a  material  that,  the  User  was  adding  to  the  tape  for  this 
particular  run.  The  material  number  must,  appear 
exactly  as  it  was  in  Cols.  10-15  of  the  MATER  section. 

Temperature  Interpolate  Option  -  (Col.  19) 

The  Temperature  interpolate  Option  is  exercised  in 
the  following  manner.:. 

(1.)  If  an  entry  is  not  made  in  Column- 19,  the-  program 
will  average  the  node  point  temperatures  of  the 
element  in  question  and  use  this  average  tempera¬ 
ture  when  establishing  material  properties  from 
the  material  tape . 

(2)  If  a  *1' 'is  entered  in.  Column  19,  the  program  will 
use  the  Material  Temperature  entered  in  Columns  20-2J 

'  X  *  J 

when  festabli§hing,  material  properties  from  the 
material  tape. 

(3)  If  a  numbe'r  n  (n>  1).  is  entered  in  Column  19,  then 
this  number  is. equal  to  the  number  of  node  points 
which  will  participate  in  the  averaging  process . 

The  first  n  node  points  entered  in  columns  36-71 
{Node  Point  Section),  of  the  Element  Control  Data 
Section  will  then  be  used  in  the  averaging  process. 

Material,  Temperature  -  (Cols. ,20-27) 

If  the  Use*  exercises  the  Temperature  Interpolate 
Option  b£  placing  a  ,l>  in  Column  19.  then  a  temperature 
associated  with  the  element  in  question  should  be 
entered  in  Columns  20-27  in' a  thermal  stress  analysis. 

The  program  will  then  usd  this  temperature  when 
establishing  material  properties  from  the  Material  Tape. 


Repe&t  Element  Matrices  -  (Col.  28) 

Element  matrices  generated  for  assembly  against 
a  particular  finite  element  specification  can  also 
be  used  for  the  next  element  in  the  calculation 
sequence.  This  avoids  repeated  calculation  of 
identical  element  matrices.  Experience  indicates  a 
high  frequency  of  opportunities  for  exploiting  this 
feature;  Input  data  requirements  and  execution  times 
can  be  significantly  reduced  With  use  of  this  feature. 
The  option  is  exercised  by  the  User  by  placing  an  *X' 
in  Col.  28  opposite  the  Element  Number  for  which 
element  matrices  are  to  be  repeated. 

Element  Input  -  (Col.  29) 

Certain  of  the  additional  elements  contained  in  the 
MAGIC  III  System  Element-  Library  require  element  input. 
The  rectangular  prism,  symmetric  shear  web,  high 
aspect  ratio  quadrilateral  thin  shell,  and  triangular 
cross -section  ring  elements  always  require  element 
input.  An  'X'  is  placed  in  Column  29  for  these 
elements . 

A  prelabeled  input  data  form  is  provided  especially 
for  element  input.  ThlB  form  will  be  discussed  in 
detail  immediately  following  the  discussion  of  the 
Element  Control  Data  input  form, 

Interpolated  Input  Print  -  (Col.  30) 

© 

If  the  User  places  an  *X *  in  Column  30,  the 
following  information  is  obtained: 

(1)  Material  Number 

(2)  Material  Identification 

(3)  Type  of  Material;  i.e..  Isotropic  or  Orthotropic 


(4)  Interpolated  Material  Properties,  which  include 

(a)  Temperature 

(b)  Young* s  Modulus 
(c.)  Poisson's  Ratio 

(d)  Thermal  Expansion  Coefficients 
(a)  Rigidity  Moduli 

Element  Matrix  Print  -  (Col. -31) 

If  the  User  places  an  *X*  in  Column  31,  a  print 
of  element  matrices  associated  with  the  element  in 
question  is  obtained. 


Full  Print  (Col.  32) 

If  the  User  places  an  *X*  in  Column  32  a  total  print 
of  all  element  matrices  and  intermediate  computations 
is  obtained  for*  the  element  in  question,  in  general, 
this  option  is  exercised  when  debugging  a  problem. 


Number  of  Input  Modes  -  (Cols.  33-34) 

The  number  of  input  nodes  is  the  number  of  node 
points  which  define  an  element.  The  following  number 
of  code  points  are  applicable  to  the  additional 
elements  in  the  MAGIC  Library. 

(1)  Rectangular  Prism  8  Node  Points 

Tetrahedron  4  Node  Points 

Triangular  Prism  6  Node  Points 

Symmetric  Prism  3  Node  Points 

Symmetric  Shear  Web  2  Node  Points 

High  Aspect  Ratio  Quadrilateral  8  Node  Points 


(2) 

(3) 

(4) 


(6) 


(7)  Triangular  Ring  (Asymmetric. Load)  3  Node  Points 


Pressure  Suppression  Option  -{Col.  35) 

pressure  Load  Matrices  are  generated  at  the  element 
level  in  the  MAGIC  System,  The  User  has  the  option 
of  placing  an  "X?'  in  Column  35,  if  it  is  desired  to 
suppress  the  generation  of  the  pressure  Load  Vector 
for  any  particular  element* 

Node  Points  -  (Cols,  36-71) 

These  locations  are  reserved  for  the  node  points 
which  describe  the  element  in  question.  The  User 
should  note  that  three  column  fields  are  set  aside  for 
each  node  point.  There  are  12  locations  set  aside  for  node 
points* 

7.  Element  Input  Section  -  (Figure  11-18) 

A  labeled  input  data  form  is  provided  for  the  Element  Input 
Section.  This  form  is  used  for  elements  which  require  Element  input: 
(Column  29  of  the  Element  Control  Data  Section). 

The  first  entry  on  the  form  is  prelabeled  EXTERN  and  requires 
no  information  from  the  User.  The  second  entry  on  the  input  data 
form  is  the  MODAL  entry  which  allows  the  User  to  input  element 
input  which  the  program  assumes  to  apply  to  every  element  unless 
otherwise  indicated  in  the  Element  Number  entries  which  follow 
the  MODAL  card.  It  can  be  seen  from  the  input  data  form  that 
the  Element  Input  is  labeled  A,  B,  C,  D,  E,  F  with  each  item 
contained  in  a  ten  column  field.  These  are  the  locations  where 
the  element  input  is  entered,  If  the  element  being  used  requires 
element  input.  The  entries  made  in  Locations  A  through  F  are 
entered  as  floating  point  numbers.  The  values  which  are  entered 
in  these  locations  are  functions  of  the  type  of  element  being 
employed  in  the  analysis.  This  input,  therefore,  is  element 
related  and  will  be  explained  in  detail  for  each  element  in  the 
following  section. 


The  third  and  following  entries  in  the  section  contain 
information  pertaining  to  the-  Element  Numbers,  Repeat  Option 
and  Element  Input,  ise.: 

Element  Number  -  (Cols.  7-11) 

(1)  Element  Numbers  are  entered  as  fixed  point 
numbers , 

(2)  Element  Numbers  must  be  entered  consistent  with 
the  order  in  which  they  were  entered  in  the 
Element  Control  Data  Section . 

Repeat  -  (Col.  12) 

The  repeat  option  provides  the  User  with  the  oppor¬ 
tunity  to  repeat  Element  Input  from  element  to  element. 
This  is  accomplished  in  the  following  manners  If  the 
element  input  for  a  number  of  elements  is  identical,  the 
User  inters  the  element  number  and  associated  element 
input  for  the  first  element .  For  the  following  elements 
having  the  same  element  input,  only  the  Element  Number 
(Col,  7-11)  and  an  «X *  in  the  Repeat  column  need  be 
entered . 

REMEMBER; 

(!)  For  a  problem  with  identical  Element  Input  for  every 
element-  only  the  MODAL  entry  is  required. 

(2)  The  repeat  option  can  be  used  effectively  for  sets 
of  elements  that  have  the  same  Element  Input. 

(3)  The  type  of  element  input  required  for  an  element 
is  a  fimction  of  element  type.  This  element  input 
will  be  completely  described  in  the  following 
sections . 
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Figure  11-18  -  Element  Input  Data  Fora 


8.  Element  Input  Description 

a.  Rectangular  Prism  (Xdenti  No.  52) 

The  rectangular  prism  element.  Figure  11-19,  Is  a 
powerful  tool  for  the  analysis  of  solid  structures,  thick 
plates  and  beams.  It  can  be  used  in  conjunction  with  the 
triangular  prism  and  tetrahedral  discrete  elements  for  the 
analysis  of  arbitrary  solid  geometries,,  or  with  plate  elements 
for  the  analysis  of  built-up  regions.  The  shape  of  the  element  is 
defined  by  the  coordinates  of  the  eight  corner  points  . 

Trllinesr  Lagranglan  interpolation  formulas  were  used  as 
assumed  displacement  functions  in  the  development  of  the  subject 
element,  Due  to  the,  assumption  of  linear  interpolation  formulas, 
the  edges  of  the  prism  remain  linear  in  deformation.  A  direct 
consequence  is.  that,  although  a  single  element  may  warp  under  a 
force-couple,  it  may  not  bend  under  any  conditions.  The 
foregoing  assumed  displacement  functions  lead  to  three  trans¬ 
lational  displacement  degrees  of  freedom  at  each  of  the  eight 
corner  grid  points^  thus,  the  complete  element  deformation  is 
described  by  twenty-four  (24)  displacement  degrees  of  freedom. 

The  element  is  written  to  accommodate  three  dimensional 
orthotropic  material.  Element  stresses  are  given  at  the  centroid 
of  the  element  and  include  stresses  due  to  displacements  of  the 
element  (apparent  stress),  stresses  due  to  the  pre-strain  state 
within  the  element  and  stresses  due  to  temperature  within  the 
element.  Two  specific  cases  are  denoted  with  respect  to  the  pre¬ 
strain  and  thermal  stress  (and  associated  loads)  states.  These 
are  called  out  under  ^Strain  Control below  and  represent  a 
constant  strain  (or  temperature)  state  throughout  the  element  and 
a  non-constant  strain  (or  temperature)  state  throughout  the 
element. 
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The  following  element  matrices  are  provided  for  the 
rectangular  prism  in  the  MAGIC  System:  . 

STIFFNESS 

STRESS 

APPLIED  LOAD  (includes  thermal,  pressure  and  initial 
strain  contributions) 

APPLIED  STRESS  (includes  thermal  and  initial  strain 
contributions.) 

CONSISTENT  MASS 

Element  referenced  temperatures  are  provided  by  listing 
eight  grid,  point  temperatures  on  the  Element  Temperature  Data 
Form  (Figure  11-13) .  The  User  Jhas  the  option  of  calling  out  a 
constant  temperature  state  or  a  temperature  state  which  is  of 
the  same  functional  form  as  the  assumed  displacement  mode  shapes 
(i.e.j,  trilinear  Lagrangian  interpolation  formulas).  The  option 
is  specified  on  the  Element  input  form  as  described  below. 
Temperatures  must  be  listed  consistent  with  element  numbering 
system. 

The  rectangular  prism  is  provided  with;  uniform  pressures 
acting  on  the  6  faces  of  the  element.  The  normal  pressure  is 
considered  positive  when  acting  away  from  the  face  in  question 
(See  Figure  H-19).  The  pressures  are  input  on  the  element  level 
according  to  the  Element  Pressure  Data  Form  (See  Figure  II-14). 
in  the  following  manner: 

Number  of  pressures  «  6 

Col.  15  -  24  is  the  pressure  acting  on  face  1234 

25  »  3^  is  the  pressure  acting  on  face  5678 

35  -  44  is  the  pressure  acting  on  face  1458 

45  -  5^  is  the  pressure  acting  on  fas®  2-36? 

55  -  64  is  the  pressure  acting  on  face  1256 

65  -  74  is  the  pressure  acting  on  face  3478 


Initial  strains  are  Input  on  the  element  level  according 
to  the  Element  Strain-Stress  Input  Data  Form  (See  Figure  II-15) 
in  the  following  manner: 


Col.  13 

-  22 

is 

€xx 

23 

-  32 

is 

fiyy 

33 

-  42 

is 

£zz 

43 

-  52 

is 

£xy 

53 

-  62 

is 

€yz 

63 

-  72 

is 

*zx 

The  element  formulation  does  not  use  the  initial  stress 
data  so  blank  cards  must  be  inserted. 

The  element  control  data  which  is  required  for  the 
Rectangular  Prism  Element  is  as  follows  (See  Figure  11-17). 

-  Element  Number  -  Cols,  7*10 

Refer  to  Element  Control  Section. 

Plug  Number  -  Cols.  11-12 

The  Rec tangular  Prism  Element  Is  identified  as  Number  52. 

Material  Number  -  ColB.  13-18 

Refer  to  Element  Control  Section. 

Temperature  Interpolate  Option  -  Col.  19 

If  the  User  exercises  this  option  by  not  making  an  entry 
in  Col.  19,  the  program  will  average  the  8  node  point 
temperatures  when  establishing  material  properties  from 
the  material  tape.  If  the  user  wishes  to  employ  a 
specific  number  of  node  points,  n,  in  the  average  process 
(K  n<8),  then  this  number  is  entered  in  Column  19  and 
the  first  h  node  points  entered  in  Cols.  36-71  will  be 
used  for  the  averaging  process.  If  a  "l"  is  entered 
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in  this  location,  the  program  will  use  the  material 
temperature  entered  in  Cols.  20-27  when  establishing 
material  properties  from  the  material  tape. 

Material  Temperature  -  Cols.  20-27 

Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  Col.  28 

Refer  to  Element  Control  Section. 

Element  Input  -  Col.  29 

The  rectangular  prism  element  always  requires  Element 
Input;  therefore,  an  'X*  is  always  placed  in  Column  29 
when  a  rectangular  prism  element  is  being  used.  The 
Element  Input  (Figure  II-l£)  required  for  the 
Rectangular  Prism  consists  of  the  following  information: 

Location  A  -  Cols.  13-22 

Strain  Control,  SC 

if  SC  =  0.0,  the  element  is  under  a  constant  strain 
(temperature) . 

if  SC  =1.0,  the  element  is  not  at  a  constant  strain 
(temperature). 

Returning  to  the  Element  Control  Data  Section,  the  list 
of  data  items  continues  as  follows: 


Refer  to  Element  Control  Section 

Full  Print  -  Col,  35 

Hefer  to  Element  Control,  Section. 

Humber  of  Input  Koflcs.  -  Cols.  33-: 

The  Rectangular  Prism  Element  is  i 
input  nodes. 

Pressure  Suppression  Option  ~  Col, 
Refer  to  Element  Control  Section. 

Kode  Points  (Cola.  38-71) 


The  Rectangular  Prism  Element  ia 
points. 


b.  Tetrahedron  (Ident.  No.  50) 

The  tetrahedron  discrete  element.  Figure  11-20  ,  can 
be  used  to  analyze  solid  structures  such  as  beams  and  plates.  It 
can  also  be  used  in  conjunction  with  the  rectangular  prism  and 
triangular  prism  solid  elements  and  in  fact  is  used  to  generate 
the  triangular  prism  element.  The  shape  of  the  element  is  defined  by 
the  coordinates  of  the  four  corner  points. 

A  linear  polynomial  is  used  for  each  of  the  three 
displacement  modes.  These  mode  shapes  lead  to  a  total  of  twelve  (12) 
undetermined  coefficients  for  the  element  which  are  chosen  to 
correspond  to  three  translational  displacement  degrees  of  freedom 
at  each  of  the  four  vertices  of  the  element.  The  nature  of  the 
assumed  displacement  modes  is  such  that  the  strains  throughout 
the  element  are  constant. 

The  element  is  written  to  accommodate  three  dimensional 

i 

orthotropic  material.  Element  stresses  include  stresses  due  to 
displacement  (apparent  stress),  stresses  due  to  the  prestrain  state 
within  the  element  and  stresses  due  to  temperature  within  the 
element. 

The  following  element  matrices  are  provided  for  the 
tetrahedron  in  the  MAGIC  System: 

STIFFNESS 

STRESS 

APPLIED  LOAD  (includes  thermal,  pressure  and  initial 
,,  strain  contributions) 

APPLIED  STRESS  (includes  thermal  and  initial 
strain  contributions) 

CONSISTENT  MASS 

Element  referenced  temperatures  are  provided  by  listing 
four  grid  point  temperatures  on  the  Element  Temperature  Data 
Form  (Figure  11-13).  These  temperatures  are  then  averaged  in  the 
MAGIC  System  to  provide  a  weighted  element  input  temperature. 
Temperatures  must  be  listed  consistent  with  element  numbering 
system. 


130 


The  tetrahedron  is  provided  with  uniform  pressures 
acting  on  the  4  faces  of  the  element.  The  normal  pressure  is 
considered  positive  when  acting  away  from  the  face  in  question 
(see  Figure  11-20).  The  pressures  are  input  on  the  element  level 
according  to  the  Element  Pressure  Data  form  (See  Figure  n-l4) 
in  the  following  manner.? 

Number  of  pressures  a  4 

Col.  15-24  Is  the  pressure  acting  on  face  134 

25-34  is  the  pressure  acting  on  face  234 

35-44  is  the  pressure  acting  on  face  124 

45-54  is  the  pressure  acting  on  face  123 

Initial  strains  are  input  on  the  element  level 
according  to  the  Element  Strain-Stress  Input  Data  Form  (see 
Figure  11-15)  in  the  following  manner: 

Col.  13-22  is  Cxx 

23-32  iS  C  yy 

33-42  is  «zz 
43-52  is  C  xy 
53-62  Is  «y2.' 

63-72  is  €zx 

The  element  formulation  does  not  use  the  initial  stress 
data  so  blank  cards  must  be  inserted. 

The  element  Control  Data  which  is  required  for  <.  ..  Tetra¬ 
hedron  Element  is  as  follows  (see  Figure  11-17). 

Element  Number  -  Cols,  7-10 

Refer  to  Element  Control  Section. 


Plug  Number  -  Cols.  li~12 

The  Tetrahedron  Element  is  identified  as  Number  50. 
Material  Number  -  Cols,  13*18 
Refer  to  Element  Control  Section. 


Temperature  Interpolate  Option  (Col.  19) 

If  the  user  exercises  this  option  by  not  making  an  entry 
in  Column  19,  the  program  will  average  the  4>  node  point 
temperatures  when  establishing-  material  properties  from 
the  material  tape.  If  the  user  wishes  to  employ  a 
specific  number  of  node  points*  n,  in  the  average  process 
(l<n<4),  then  this,  number-  is  entered  in  Column  19  and 
the  first  h  node  points  entered  in  Columns  36-71  will 
be  used  for  the  averaging  process.  If  a  '*in  is 
entered  in  this  location,  the  program  will  use  the 
Material  Temperature  entered  in  Columns  20-27  when 
establishing  material  properties  from  the  material 
tape; 

Material  Temperature  -  Cols,  20-27 
Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  Col,  28 
Refer  to  Element  Control  Section. 

Element  Input  -  Col,  29 

The  tetrahedron  element  requires  no  element  input. 
Interpolated  Input  Print  -  Col,  30 
Refer  to  Element  Control  Section, 

Element  Matrix  Print  -  Col.  31 

% 

Refer  to  Element  Control  Section. 


Full  Print  -  Col.  32 

Refer  to  Element  Control  Section. 

Number  of  Input  Nodes  -  Cols.  33-34 

The  tetrahedron  element  is  always  defined  by  4  input  nodes 

Pressure  Suppression  Option  -  Col.  35 
Refer  to  Element  Control  Section, 

Node  Points  -  Col.  36-71 

The  tetrahedron  element  is  defined  by  4  grid  points. 
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e.  Triangular  Prism.  (.laent.  No.  51) 

Three  tetrahedrons  are  assembled  as  show  in  Figure  11*21 
to  form  a  triangular  prism.  Using  this  approach  element  matrices 
for  three  tetrahedrons  are  computed  and  assembled  automatically 
within  the  MAGIC  III  System.,  A  considerable  reduction  in  input 
is  realized  which  leads  to  a  corresponding  reduction  in  the. 
possibility  of  input  error  when  large  scale  analyses  are 
performed.  The  input  for  one  triangular  prism  element  is 
identical  to  that  for  one  tetrahedron  except  that  six  grid 
points  define  the  prism  instead  of  four  which  define  the 
tetrahedron. 

Element  stresses  are  .output  for  each  tetrahedron  which 
comprise  the  triangular  prism.  These  Include  stresses  due  to 
displacement  (apparent  stress),  stresses  due  to  the  prestrain  state 
within  the  element  and  stresses  due  to  temperature  within  the 
element . 

The  symmetric  triangular  pfcism  finite  element  shown  in 
Figure  11-22  is  &  special  case  of  the  full,  triangular  prism  element. 
This  element  was  developed  to  eliminate  conditioning  problems 
inherent  in  the  analysis  of  thin  symmetric  sections.  As  an 
example,  in  the  analysis  of  aircraft  wing  or  tail  sections, 
the  element  can  be  used  very  effectively'  to  model  full-depth 
honeycomb  core  constructions  which  are  used  for  shear  transfer 
between  the  top  and  bottom  skins.  The  use  of  this  element 
allows  the  analysis  to  be  performed  using  either  the  top  or  bottom 
symmetric  half  of  the  structure. 

Appropriate  boundary  conditions  are  applied  at  the 
element  level  which  specialize  the  full-depth  prism  into  the 
symmetric  element.  The  procedure  employed  in  the  reduction  is  as 
follows.  Six  tetrahedron  elements  are  automatically  assembled 
within  the  program  with  the  three  on  the  lower  side  of  the  axis  of 
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symmetry  being  the  mirror  images  of  the  corresponding  three 
tetrahedrons  oh  the  upper  side.  This  approach  assures  that 
symmetric  and  antisymmetric  modes  will  uncouple  when  the  element 
is  specialized  to  a  symmetric  representation.  Appropriate 
symmetric  and  antisymmetric  boundary  conditions  are  imposed  on 
the  centerline  of  symmetry  at  the  element  level.  Based  oh  these 
conditions j  the  degrees  of  freedom  associated  with  the  bottom 
symmetric  half  of  the  structure  are  expressed  in'  terms  of 
the  remaining  degrees  of  freedom.  Thus,  a  transformation  between 
deformations  on  the  full  prism  and  symmetric  prism  is  derived  which 
is  used  in  a  simple  fashion  to  generate  the  desired  matrices. 

The  following  element  matrices  are  provided  for  the 
triangular  prism  in  the  MAGIC  system. 

STIFFNESS 

STRESS 

APPLIED  LOAD  (includes  thermal,  pressure  and  initial 
strain  contributions ) 

APPLIED  STRESS  (includes  thermal  and  initial  strain 
contributions ) 

CONSISTENT  MASS 

Element  referenced  temperatures  are  provided  by  listing 
six  grid  point  temperatures  on  the  Element  Temperature  Data  Form 
(Figure  11-13  ).  Temperatures  must  be  listed  consistent  with 
element  numbering  system. 

The  triangular  prism  is  provided  with  uniform 
pressures  acting  on  the  5  faces  of  the  element.  The  normal 
pressure  is  considered  positive  when  acting  away  from  the  face 
in  question  (see  Figure  11-21).  The  pressures  are  input  on  the 
element  level  according  to  the  Element  Pressure  Data  Form 
(See  Figure  II-l^  in  the  following  manner: 
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Number  of  pressures  -  5 


Col.  15-24 
25-34 
35-44 
45-54 
55-64 


is  the  pressure  acting  on  face  123 
is  the  pressure  acting  on  face  456 
is  the  pressure  acting  ori  face  2365 
is  the  pressure  acting  on  face  1364 
is  the  pressure  acting  on  face  2541 


Initial  strains  are  input  on  the  element  level  accorc ing 
to  the  Element  Strain-Stress  Input  Data  Fora  (Sea  Figure  H-15  ) 
in  the  following  manner t 


Col.  13-22 

*s  ^  XX 

23-32 

18  ^yy 

33-42 

18 

43-52 

is  *xy 

53-62 

IB  €yZ 

63-72 

is  ^  zx 

The  element  formulation  does  not  use  the  initial  stress 
data  so  blank  cards  must  be  inserted. 


The  element  Control  Data  which  is  required  for  the  Triangular 
Prism  Element  is  as  follows  (See.  Figure  1147) 

Element  Number  -  Cols,  7-10 

Refer  to  Element  Control  Section. 


Plug  Number  -  Cols.  11-12 

The  triangular  prism  element  is  identified  as  number  51. 
Material  Number  -  Cols,  13-18 
Refer  to  Element  Control  Section, 


Temperature  Interpolate  Option  -  Col.  19 

If  the  user  exercises  this  option  by  not  making  an  entry 
in  Col,  19,  the  program  will  average  the  6  node  point 
temperatures  when  establishing  material  properties  from 
the  material  tape.  If  the  user  wishes  to  employ  a 
specific  number  of  node  points,  n,  in  the  average  process 
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(X<n<6),  than  this  number  is  entered  in  Col.  19  and 
the  first  n  node  points  entered  in  Cols e  36-71 
will  be  used  for  the  averaging  process*  If  a  "l” 
is  entered  in  this  location?  the  program  vrill  use 
the  material  temperature  entered  in  Cols*  £0-87 
when  establishing  material  properties  from  the 
material  tape. 

Material  Temperature  -  Cola.  20-87 
Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  Col.  28 
Refer  to  Element  Control  Section. 

Element  Input  -  Col.  29 

The  triangular  prism  element  requires  no  element  input. 


Interpolated  Input  Print  -  Col.  30 

Refer  to  Element  Control  Section. 

Element  Matrix  Print.  -  Col.  31 

Refer  to  Element  Control  Section. 

Full  Print  -  Col.  32 

Refer  to  Element  Control  Section. 

Number  of  Input  Nodes  -  Cols .  33-3** 

The  triangular  and  symmetric  triangular  prism  elements 
are  always  defined  by  6  input  nodes. 

Pressure  Suppression  Option  -  Col,  35 

Refer  to  Element  Control  Section. 

Node  Points  -  Cols,  36-71 

The  triangular  prism  element  is  defined  by  6  grid  points. 

If  node  points  4?  5,  and  6  do  not  exist  (that  is,  are  not 
input),  the  element  then  becomes  a  symmetrical  triangular  prism 
with  the  plane  of  symmetry  being  midway  between  node  points  1,  2, 

3  and  node  points  4,  $  and  6  (namely  the  XY  plane  of  the  structure  - 
See  Figure  11-22  ), 
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FIGURE  11-21  TRIANGULAR  PRISM  ELEMENT 


d.  Symmetrical  Shear  Web  (Ident.  No,  29) 

The  symmetric  shear  web  element  as  shown  in  Figure  11-23 
was  developed  to  conduct  analyses  of  the  type  discussed  in  the 
previous  section*  Section  Triangular  Prism.  Appropriate 
symmetric  and  antisymmetric  boundary  conditions  are  imposed  on 
the  centerline  of  symmetry  at  the  element  level.  Based  on  these 
conditions*  element  matrices  can  be  readily  derived  using  only  the 
two  upper  grid  points  as  reference  points. 

The  assumed  displacement  method  is  utilized  to  derive  the 
stiffness  and  stress  matrices.  These  displacement  functions 
in  the  local  coordinate  system  are: 

ML  (x,z)  =  (a1  +  a2x)z 

2  3 

w  (x)  =  bx  +  bgX  +  b^x  -f  b^x 

These  functions  yield  six  translational  deformations*  three  trans¬ 
lations  at  each  of  two  grid  points.  Element  stresses  are  evaluated 
at  the  midpoint  of  the  element's  length  and  yield  the  shearing 
stress  at  that  point. 

The  following  element  matrices  are  provided  for  the  symmetric 
shear  web  in  the  MAGIC  System: 

STIFFNESS 

STRESS 

The  element  Control  Data  which  is  required  for  the 
Symmetrical  Shear  Web  is  as  follows  (See  Figure  11-17): 

Element  Number  -  Cols,  7-10 

Refer  to  Element  Control  Section, 

Plug  Number  -  Cols.  11-12 

The  Symmetrical  shear  web  element  is  identified  as  Number  29. 

Material  Number  -  Cols.  13-18 

Refer  to  Element  Control  Section. 
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If  the  user  exercises  this  option  by  not  making  an  entry 
in  Col.  19,  the  program  will  average  the  2  node  point 
temperatures  when  establishing  material  properties  from 
the  material  tape.  If  the  user  wishes  to  employ  a  specific 
number  of  node  points,  n,  in  the  average  process  (li  ns2), 
then  this  number  is  entered  in  Col.  i9  and  the  first  n 
node  points  entered  in  Cols.  36-71  will  be  used  for  the 
averaging  process.  If  a  "l"  is  entered  in  this  location, 
the  program  will  use  the  Material  Temperature  entered  in 
Cols.  20-27  when  establishing  material  properties  from 
the  material  tape. 


Material  Temperature  -  Cols.  20-27 
Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  Col.  28 
Refer  to  Element  Control  Section. 

Element  Input  -  Col,  29 

The  symmetrical  shear  web  element  always  requires  Element 
Input.  Therefore,  an  !X’  is  always  placed  in  Col,  29 
when  the  symmetrical  shear  web  is  being  employed. 

The  Element  Input  (Figure  IX-18  )  required  for  the  symmetrical 
shear  web  consists  of  the  following  information: 

Location  A  -  Cols,  13-2S 

THICKNESS ,  (t) 

The  above  is  the  only  Element  Input  which  is  required  for 
the  shear  web. 

Returning  to  the  Element  Control  Data  Section,  the  list  of 
data  items  continues  as  follows: 


Interpolated  Inpat  Print  ~  Col*  36 

q  p  in  ■■fin  ttiwi— «  ■hit  i  m ■  >r»r»ir  MWWxwtoo— wiwmw  i  im*q  *i~»  m 

Refer  to  Element  Control  Section. 

Element  Matrix  Print  -  Col.  31 
Refer  to  Element  Control  Section 

Full  Print  -  Col.  32 

Refer  to  Element  Control  Section. 

Number  of  Input  Nodes  ~  Cols.  33-3^ 

The  symmetrical  shear  web  element  is  always  defined  by 
2  input  nodes. 

Pressure  Suppression  Option  -  Col. .35 
Refer  to  Element  Control  Section. 

Node  Points  -  Cols.  36-71 

The  symmetrical  shear  web  element  is  defined  by  2  grid 
points. 


' 

■ 

a,  High  Aspect  Ratio  Quadrilateral  Thin  Shell  (Ident.  No.  38)  \ 

This  finite  element  differs  from  the  present  MAGIC  II 
quadrilateral  thin  shell  element  (Ident.  No.  21)  only  in  the 
approximation  Of  in«plane  behavior.  No  difference  other  than 
the  identification  number  is  eviden’,  to  the  User. 

This  additional  finite  element  representation  is  included 
in  the  MAGIC  III  System  for  use  in  the  idealization  of  membranes 
and  plane-strain  sections  that  require  elongated  finite  element 
shapes.  This  circumstance  is  frequently  encountered.  One 
important  class  of  applications  requiring  high  aspect  ratio 
finite  elements  is  the  stress  analysis  of  structural  joints. 

A  rule  of  thumb  that  may  be  applied  to  guide  the  choice  of 
element  type  for  such  applications  is  to  use  the  modified 
quadrilateral  thin  shell  element  for  those  elements  whose 
aspect  ratio  exceeds  six. 

All  element  matrices  available  to  Element  Ident.  No.  21 
are  available  to  this  element  as  well*  i.e.,  stiffness,  stress, 
distributed  loading,  thermal  loading  and  consistent  mass. 

All  input  data  required  for  thiB  element  Is  identical 
to  that  required  for  the  original  Quadrilateral  Thin  Shell 
(Ident.  No.  21).  Therefore,  in  the  interest  of  conciseness,  ! 

the  reader  is  referred  to  Pages  175  thru  184  of  Reference  5 
for  detailed  element  input  description. 

An  example  application  utilizing  this  finite  element 
is  presented  in  Section  II  -  C.8.e  of  this  report. 
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f .  Triangular  Ring  ,( Asymmetrical  Load)  -  (Id 

The  triangular  ring  (asymmetrical  loading),  hereafter 
called  the  asymmetric  triangular  ring,  is  a  new  tool  which  can 
be  used  for  the  analysis  of  thick-walled  and  solid  axisyrometric 
structures  of  finite  length.  It  may  be  used  to  idealize  any 
axisymraetric  structure  taking  into  account 

1)  arbitrary  axial  variations  in  geometry, 

2)  axial  variation  in  orientation  of  material  axes 
of  orthotropy, 

3)  radial  and  axial  variations  in  material  properties* 

4)  any  asymmetric  loading  system  including  distributed 
mechanical  and  thermal  loads. 

The  asymmetric  triangular  ring  element  and  its  accompanying  applied 
mechanical  loadings  are  pictured  in  Figure  11-24.  These  mechanical 
loads  are  assumed  evenly  distributed  over  the  loaded  face,  possessed 
of  circumferential  variation  of  magnitude  and  acting  (or  directed) 
parallel  to  the  axial  and  radial  direction  of  the  ring  (see  Figure 
11-24 ) .  Positive  directions  of  loading  are  illustrated  in  this 
figure.  The  complete  theoretical  development  of  this  element  is 
presented  in  the  Engineer's  Manual.  *  A  brief  review  of  this 
development  is  given  below. 

The  load  and  displacement  fields  for  the  asymmetric  tri¬ 
angular  ring  element  are  assumed  expressed  in  a  Fourier  series  form 
in  terms  of  the  circumferential  coordinate  0.  Utilizing  these 
expressions  to  write  the  total  potential  energy,  the  energy  (and 
consequently  the  analysis)  can  be  shown  to  decompose  into  an 
uncoupled  form.  Thus  the  three  dimensional  problem  represented 
by  an  asymmetrically  loaded  solid  of  revolution  can  be  solved  by 
the  carrying  out  of  a  sequence  of  two  dimensional  analyses.  The 
resulting  economy  and  accuracy  introduced  is  obvious. 
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The  steps  inherent  in  the  analysis  procedure  can  he  listed 
as  follows: 

1)  Utilizing  input  values  of  the  applied  load  at  regular 
circumferential  stations  around  the  structure,  the 
Magic  III  program  automatically  generates  a  Courier 
series  representation  of  the  loading  system, 

H  -  K1  -  t  tpniKJ  +  t  fU 


where  {  PQ  ^  ,  C  Pn!  and  can  be  interpreted  as 

harmonic  load  vectors  and  the  diagonal  matrices  KJ 
ry  are  composed  of  appropriate  combinations  of  trig- 
orometric  elements  CosnO  and  SinnO. 

2)  The  User  specifies  a  maximum  number  of  harmonics  (m)  to 
be  considered  in  the  analysis.  In  response  to  this 
definition,  the  Magic  III  program  automatically  selects 
the  (m)  most  significant  harmonics.  The  harmonics 
selected  by  the  program  are  a  function  of  the  applied 
loading  system. 

3)  (m)  individual  two  dimensional  analyses  are  then  carried 
out.  Harmonic  displacements  and  stresses  are  obtained 

and  combined  to  obtain  the  gross  stresses  and  displacements 
of  the  structure. 

An  example  of  this  analysis  procedure  is  given  below  (with  Reference 
to  the  theoretical  development  in  the  Engineer's  Manual,  Reference  9.) 

Assume  that  a  limit  on  the  harmonic  analyses  has  been  set  at 
three  (m=3)  and  that  the  most  significant  description  of t the  load 
system  has  been  selected  by  the  Magic  III  program  as 

{fj  +  + 1  pal t  ca J  <s> 
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The  following  individual  harmonic  analyses  are  then  carried  out 

Ki*  [K.iisa  (3 

rmUIU 

to  determine  the  harmonic  displacements  IU,  t&»$  and  l  for 
the  structure,  The  gross  (actual)  displacements  of  the  structure 
t% |  can  now  be  determined  by  combining  iM,  |S,!and  (i^in  the 
following  series. 

m*  i*.i+ rc, jii.% + fc».Hifc5 . 

Harmonic  IK\  and  actual£®i  stresses  can  be  obtained  in  a  similar 
manner. 

The  ring  element  geometry  is  defined  with  respect  to 
cylindrical  coordinate  axes.  The  configuration  of  the  element,  as 
pictured  in  Figure  11-24,  is  completely  defined  by  specifying  the 
radial  and  axial  coordinates  of  the  corner  points. 

The  orthotropy  (cylindrical  anisotropy)  is  provided  for  in 
the  mechanical  and  physical  material  properties  of  the  ring  element. 
The  orientation  of  this  orthotropy  is  assumed  oriented  in  the  X*, 
and  0  directions  (see  Figure  11-24).  Transformation  to  the 
geometrical  or  structural  system  is  accomplished  utilizing  the 
material  angle  It  . 

The  development  of  the  asymmetric  triangular  ring  element  is  an 
expansion  of  that  utilized  in  deriving  the  axisyrametric  triangular 
ring  element  (Ident.  No.  40) .  Similar  linear  polynomial  functions 
are  employed  in  both  elements  and  are  employed  for  displacement 
mode  shapes  leading  to  constant  element  strain  and  stress  states. 


Due  to  the  asymmetric  deformations  which  the  asymmetric 
ring  can  accomodate,  9  degrees  of  freedom  (as  opposed  to  six 
for  the  axisymmetric  ring)  are  required  to  define  the  deforma- 
tional  behavior  of  this  element.  The  predicted  element  stress 
behavior  is  constant  over  the  triangular  cross-section.  Radial, 
circumferential  and  axial  stresses  are  predicted.  As  in  the 
axisymmetric  ring  element  (Ident.  No.  40)  the  asymmetric  ring  Is 
numbered  in  the  following  manner.  The  element  is  numbered  in 
the  counter-clockwise  direction ; 

A  major  difference  between  the  two  elements  (asymmetric  and 
axisymmetric  ring),  other  than  the  accomodation  of  asymmetric 
loads  in  the  former,  is  the  interpretation  of  the  applied  loads 
themselves.  Loads  applied  to  the  axisymmetric  ring  (Ident.  No.  ^10) 
are  assumed  applied  at  grid  points  while  loads  applied  to  the 
asymmetric  ring  (Ident.  No.  31)  are  assumed  applied  to  the  element. 

In  order  to  account  for  this  difference  as  well  as  the  circum¬ 
ferential  variation  of  the  magnitude  of  the  loads  an  alternate  set 
of  load  and  data  input  cards  must  be  provided  to  accomodate  the 
asymmetric  ring.  These  are  provided  and  discussed  in  the  discussion 
which  follows.  For  solids  of  revolution  subjected  to  axisymmetric 
loadings;  it  is  suggested  that  the  axisymmetric  element  be  used. 

The  Element  Control  Data  which  is  required  for  the  Asymmetric 
Triangular  Ring  Element  is  as  follows:  (see  Figure  11-17) 

Element  Number  -  (Cols.  7-10) 

Refer  to  Element  Control  Section 

Plug  Number  -  (Cols.  11-12) 

The  Triangular  Cross-section  Ring  Element  is  identified 

as  Number  31 • 
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Material  Number  -  (Cols.,  13-18) 

Refer  to  Element  Control  Section 

Temperature  Interpolate  Option  -  (Col.  19) 

Not  available  for  this  element. 

Material  Temperature—  (Cols.  20-27) 

Refer  to  Element  Control  Section. 

Repeat  Element  Matrices  -  (Col.  28) 

Refer  to  Element  Control  Section. 

Element  Input  -  (Col.  29) 

To  utilize  this  option,  place  an  X  in  Col.  29. 

Note:  The  Asymmetric  Triangular  Cross-Section  Ring 

Element  only  requires  Element  Input  under 
certain  special  conditions  as  follows:  Referring 
to  Figure  li-24,  it  is  seen  that  there  is  a 
possibility  that  in  some  cases  the  material  axis, 
and  element  geometric  axis  of  the  element  will 
not  coincide,  if  this  is  the  case  the  Element 
Input  (Figure  II-18)  required  for  the  Triangular 
Cross-Section  Ring  consists  of  the  following: 

Location  A  -  (Cols.  13-22) 

Material  Axes  Angle  (Gamma  -  Ymg) 

Since  the  Triangular  Cross-Section  King  Element 
is  written  to  accommodate  anisotropy  of  mechanical 
and  physical  properties,  provision  is  made  in  the 
program  for  differences  in  orientation  of  material 
and  element  geometric  sixes  for  an  element.  The 
User  inputs  the  angle  between  the  element  material 
axis  (X^  and  the  element  geometric  axis  (Xg) . 

The  angle  gamma  ( Ymc)  is  input  in  degrees  and  is 


considered  positive  when  measured  from  the 
material  axes  to  the  element  geometric  epees. 

In  a  counter- clock-wise  direction  (Figure  11-24} . 

Remember 

Element  Input  is  not  required  for  the  Triangular 
Ring  if  the  material  and  geometric  axes  coincide. 


Refer  to  Element 
Control  Section 


The  Asymmetric  Triangular  Cross-Section  Ring  Element  is 
always  defined  by  3  input  nodes. 


Not  available  for  this  element. 


Interpolated Input  Print  -  (Col  .  30) 
Element  Matrix  Print  -.  .(.Col .  31) 


>rint  Col. 


Node  Points  -  (Cols.  36r7l) 


The  three  node  points  which  define  each  Triangular  Ring 
are  entered  in  the  first  three  entires  provided  in  the  Node 
Point  Section  of  the  Element  Control  Data  Form. 


As  previously  mentioned  an  alternate  set  of  load  and  data 
input  cards  are  provided  in  the  MAGIC  III  system  to  accomodate 
this  particular  element.  These  input  cards  replace  the  element 
pressure  and  temperature  data  cards  shown  in  Figures  II-14  and 
11-13  and  are  explained  in  detail  below. 


Stress  and  Displacement  Output  Section 


The  first  entry  on  the  input  data  fom  Figure  11-25  is 
a  prelabeled  HSDC  and  requires  no  other  information  from  the 
User..  The  second  entry  contains  the  reference,  incremental  and 
final  circumferential  angular  values  at  which  output  stress  and 
displacement  data  Is  desired.  These  entries  are  described  below: 

Reference  Value  Col.  (7-11) 

The  entry  in  these  columns  is  a  fixed  point  right 
adjusted  number  representing  the  reference  angle  in 
degrees .  The  entry  must  not  be  less  than  zero  nor 
greater  than  359° • 

Increment  Value  Col.  (12-16) 

The  entry  in  these  columns  is  a  fixed  point  right 
adjusted  number  representing  the  increment  value  in 
degrees.  The  entry  must  not  be  less  than  1°  nor 
greater  than  360° . 

Final  Circumferential  Value  Col.  (17-21) 

The  entry  in  these  columns  is  a  fixed  point  rijht 
adjusted  number  representing  the  final  circumferential 
value  in  degrees .  This  entry  must  not  be  greater  than 


360°. 

Defining 

RV  = 

Reference  Value 

IV  = 

Increment  Value 

and 

FV  = 

Final  Value. 

The  following,  inequalities  must  hold 
XV  <  FV  -  RV 
0  <  FV  -  RV  . 

The  values  defined  above  are  utilized  to  define  the  region 
and  quantity  of  information  (output)  desired  for  a  given  structure. 
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Harmonic  Pressure  Loading  Section 

I  —  ■  ■■■.I...  H»  ni  I  hHmii.  ■  •"■I’' I'  1  ■  —  I  T  1.1  I  ■  I  »tm  I 

A  pre-labeled  input  data  form  entitled  HARM  is  provided 
for  the  entry  of  pressure  load  data  and  is  shown  in  Figure  11-26. 

The  first  entry  on  the  form  is  labeled  HARM  and  requires  no 

other  information  from  the  User.  The  second  entry  pertains  to  the 

number  of  loaded  elements,  the  maximum  number  of  harmonics  to  be 

used  per  element,  and  the  maximum  number  of  output  harmonics  for 

the  system.  The  third  set  of  input  data  is  concerned  with  element  j 

number,  an  element  loading  repeat  option,  the  number  of  loading 

points  and  the  harmonic  pressure  values.  The  last  two  sets  of  j 

data  must  be  input  by  the  User  and  the  Instructions  for  doing  so  i 

are  described  below.  Entries  on  the  second  input  data  card. 

Figure  11-26  are:  j 

Number  of  Loaded  Elements  (Cols.  7-9) 

The  entry  in  three  columns  is  a  fixed  point  right 
adjusted  number  which  represents  the  elements  which  have  Imposed 
pressure  loads.  Only  the  quantity  of  such  elements  i*  entered. 

Number  of  Harmonics  per  Element  (Col.  10) 

The  maximum  number  of  harmonics  to  be  used  to  represent 
the  pressure  loading  for  each  element  is  entered  as  a  fixed  point 
number  in  column  10,  This  entry  must  be  greater  than  zero  and  less 
than  nine  in  value. 

Number  of  Harmonics  Output  (Col.  11) 

The  maximum  number  of  harmonics  to  be  used  in  the 
calculation  of  output  data  for  the  entire  element  structure  is  ^ 

entered  as  a  fixed  point  number  in  column  11 .  This  entry  must  be 
less  than  or  equal  to  the  number  of  harmonics  per  element. 

Furies  on  the  third  and  following  input  data  cards 
Figure  n-a5,  is  described  below: 
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The  number  of  the  element  on  which  the  pressure 
load  is  to  be  applied  is  entered  in  Cols  7-9  using  a  fixed  point 
right  adjusted  format.  The  element  numbers  are  to  be  entered 
in  ascending  order  and  &  maximum  of  500  elements  may  be  entered 
loaded . 

Element  Loading  Repeat  Option  (Col.  10) 

This  piece  of  input  data  determines  whether  or  not 
the  element  pressure  loadings  are  to  be  repeated  for  succeeding 
elements.  If  these  loadings  are  to  be  repeated  the  User  enters 
an  *X*  in  column  10  and  omits  remaining  load  data  pertaining  to 
this  element.  The  pressure  data  from  the  proceeding  element  Is 
automatically  applied  to  this  element.  If  these  loadings  are  not 
to  be  repeated  the  User  leaves  column  10  blank. 

Number  of  Radial  Loading  Points  (Cols.  11-13) 

The  entry  In  these  columns  is  a  fixed  point  right 
adjusted  number  representing  the  number  of  points  at  which  radial 
pressures  will  be  defined.  These  points  are  spaced  at  equal  inter¬ 
vals  about  the  circumference  of  the  element.  The  value  of  this  entry 
must  be  greater  than  zero  and  less  than  6 0  if  a  radial  pressure  is 
to  be  applied.  If  no  radial  pressure  is  present,  a  zero  is  entered 
and  redial  pressure  values  are  omitted. 

Number  of  Axial  Loading  Points  (Cols.  14-16) 

The  entry  in  these  columns  is  a  fixed  point  right 
adjusted  number  representing  the  number  of  points  at  which  axial 
pressures  will  be  defined.  These  points  are  spaced  at  equal  inter¬ 
vals  about  the  circumference  of  the  element.  The  value  of  this 
entry  must  be  greater  than  zero  and  less  than  60  if  an  axial  load  is 
to  be  applied  on  this  element.  Note  that  this  entry  does  not  have 
to  be  the  same  a3  the  previous  entry.  If  no  axial  pressure  is  present 
a  zero  is  entered  and  axial  pressure  values  are  omitted. 


Pressure  Loading  Values  (Cols.  17-76] 


The  User  enters  pressure  load  values  which  are  equal 
in  quantity  to  the  sum  of  the  number  of  radial  and  axial 
loading  points  (Cols.  11-16).  The  radial  values  are 
entered  first  followed  by  the  axial  values.  These  values 
are  entered  in  columns  17-76  in  a  floating  point  right 
adjusted  format  six  to  a  card  as  shown  in  Figure  11-26. 

A  maximum  of  20  such  cards  are  allowed  permitting  a 
maximum  entry  of  120  pressure  values  per  element.  Note 
that  the  2nd  to  20th  cards  do  not  contain  entries  in 
columns  7  to  16.  Pressures  are  applied  on  face  number 
one  (between  nodes  land  2)  and  have  same  sense  as  the 
global  coordinate  system. 

Harmonic  Thermal  Loading  Section 

A  pre-labeled  input  data  form  entitled  HTEM  is  provided 
for  the  entry  of  thermal  load  data  and  is  shown  in  Figure  11-27. 

The  first  entry  on  the  form  is  labeled  HTEM,  and  requires  no  other 
information  from  the  User.  The  second  entry  pertains  to  the  number 
of  loaded  elements,  the  maximum  number  of  harmonics  to  be  used  per 
element,  and  the  maximum  number  of  output  harmonics  for  the  system. 

The  third  set  of  input  data  is  concerned  with  element  number,  an 
element  loading  repeat  option,  the  number  of  temperature  loading 
points  and  the  harmonic  thermal  values.  The  last  two  sets  of  data 
must  be  input  by  the  User  and  the  instructions  for  doing  so  are 
described  below.  Entries  on  the  second  input  data  card.  Figure  11-27 
are: 

Number  of  Loaded  Elements  (Cols.  7-9) 

The  entry  in  these  columns  is  a  fixed  point  right  adjusted 
number  which  represents  the  elements  which  have  imposed 
thermal  loads.  Only  the  quantity  of  such  elements  is  entered. 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 

INPUT  DATA  FORMAT  HARMONIC  DEPENDENT 

ELEMENT  PRESSURE  LOADS 

_ _  (CONTINUED) 


11-26  (Concluded) 


The  maximum  number  of  harmonics  to  be  used  to 
represent  the  thermal  loading  -for  each  element  is 
entered  as 'a  fixed  point  number  in  column  10.  This 
entry  must  he  greater  than  zero  and  less  than  nine 
in  value.. 


'  The  maximum  number  of  harmonics  to  be  used  in  the 
calculation  of  output  data  for  the  entire  structure  is 
entered  as  a  fixed  point  number  in  column  11.  This 
e.,try  must  be  less  than  or  equal  to  the  number  of 
harmonics  per  element . 

Entries  on  the  third  and'  following  input  data  cards. 
Figure  11-27,  is  described  below: 


The  number  of  the  element  on  which  the  thermal  load  is 
to  be  applied  is  entered  in  Cols.  7-9  using  a  fixed 
point  right  adjusted  format.  The  element  numbers  are  to 
be  entered  in  ascending  order  and  a  maximum  of  500 
elements  may  be  entered  (loaded). 


This  piece  of  input  data  determines  whether  or  not  the 
element  thermal  loadings  are  to  be  repeated  for  succeeding 
elements.  If  thece  loadings  are  to  be  repeated  the 
User  enters  an  "X"  in  column  10  and  omits  remaining  load 
data  pertaining  to  this  element.  The  thermal  data  from 
the  proceeding  element  is  automatically  applied  to  this 
element.  If  these  loadings  are  not  to  be  repeated  the 
User  leaves  column  10  blank. 


Figure  11-27  -  Harmonic  Dependent  Temperature  Loads 


Number  of  Thermal  Loading  Points  (Cols.  11-13) 

The  entry  in  these  columns  is  a  fixed  point  right 
adjusted  number  representing'  the  number  of  points  at 
which  thermal  loads  will  be  defined,.  These  points  are 
spaced  at  equal  intervals  about  the  circumference  of 
the  element.  The  value  of  this  entry  must  be  greater 
than  zero  and  less  than  60., 

Thermal  Loading  Values  (Cols,  17-?6 ) 

The  User  enters  thermal  load  values  which  are  equal 
in  quantity  to  the  number  of  thermal  loading  points 
(Cols,  11-13).  These  values  are  entered  in  Columns  17-76 
in  a  floating  point  right  adjusted  format  six  to  a  card 
as  shown  in  Figure  11-27.  A  maximum  of  10  such  cards  are 
allowed  permitting  a  maximum  entry  of  60  pressure  values 
per  element.  Note  that  the  2nd  to  10th  cards  do  not 
contain  entries  in  Columns  7  to  13.  Temperatures  which 
are  input  are  assumed  applied  to  the  element  as  a  whole 
and  must  be  interpreted  as:  temperature  changes  (either 
increase  (+)  or  decrease  (-)  from  a. thermal  stress 
free  state)  to  which  the  element  is  subjected. 


t 


162 


SECTION  III 


INPUT  AND  OUTPUT  OF  MAGIC.  Ill  SYSTEM 

A .  GENERAL  DESCRIPTION 

In  this  section,  the  proper  interpretation  of  the  input 
supplied  to  the  MAGIC  III  system  and  the  output  supplied  by  the 
MAGIC  III  system  is  provided  by  reference  to  specific  example 
problems.  These  examples  wil1  use  the  finite  elements  added  to 
the  MAGIC  systems  namely, 

1)  Rectangular  Prism 

2)  Tetrahedron 

3)  Triangular  Prism 

4)  Symmetric  Triangular  Prism 

5)  Symmetric  Shear  Web 

6)  Revised  Quadrilateral  Thin  Shell 

7)  Triangular  Cross-Section  Ring 

B.  RECTANGULAR  PRISM  ELEMENT 

A  three-element  cantilever  beam  subjected  to  an  end  moment  is 
shown  in  Figure  III-B.l  as  the  first  example.  This  figure  shows 
the  loading,  idealization,  dimensions  and  material  properties. 

The  preprinted  input  data  forms  associated  with  this  example  are 
given  in  Figures  III-B.2  to  III-B.lO. 

Figure  III-B.6,  Boundary  Condition  Section,  shows  the  use  of  the 
MODAL  and  REPEAT  options.  There  are  4  exceptions  to  the  MODAL 
card  (Grid  points  1,  5>  9  and  13).  Grid  p'olnts  5,  9  and  13  have 
exactly  the  same  boundary  conditions  as  grid  point  1,  therefore 
the  REPEAT  option  is  employed  by  placing  an  "X"  in  column  12 
opposite  the  entry  for  grid  points  5,  9,  and  13.  Note  that  the 
four  exceptions  to  the  MODAL  card  are  called  out  on  the  System 
Control  Information  Data  Form,  Figure  III-B.4. 

The  following  load  data  is  evident  by  Inspection  of  Figure  TII-B.7, 
External  Loads  Section. 

1)  One  load  condition  is  input. 

2)  The  external  applied  load  scalar  equals  zero. 


3)  Grid  point  4  is  loaded  with  a  force  it?  the  -Y  direction 
equal  to  66.6666?  pounds.  The  REPEAT  option  is  used 
for  grid  point  12  which  is  subjected  to  the  same  load. 

Grid  point  8  is  loaded  with  a  force  in  the  +Y  direction 
equal  to  66.66667  pounds.  Again  the  REPEAT  option  is 
used  for  grid  point  16  which  is  subjected  to  the  same 
load.  Note  that  no  entries  corresponding  to  External 
Moments  are  made  since  the  rectangular  prism  element  only 
admits  translational  displacements. 

In  Figure  III~B.9,  Element  Input,  it  is  noted  that  only  the  MODAL 
entry  is  used.  This  means  that  every  element  In  this  example 
problem  is  subjected  to  a  constant  pre-strain  state.  Reference 
to  the  Engineers  Manual  (Reference  7)  shows  that  the  User  has 
the  option  of  calling  out  a  constant  elanent  pre-strain  or 
temperature  state  or  an  element  pre-strain  or  temperature  state 
which  is  the  same  functional  form  as  the  assumed  displacement 
mode  shapes  (i.e.,  trilinear  Lagrangion  interpolation  formulas). 

It  was  decided  to  use  the  former  in  this  problem,  hence  the  entry 
0.0  was  made.  The  User  must  be  aware  of  his  choice  and  be  consistent 
throughout  the  analysis.  Actually  in  this  problem  no  element  pre- 
strain  or  temperatures  were  considered  so  that  either  of  the  above 
options  could  have  been  chosen. 

The  output  supplied  by  the  MAGIC  III  system  for  this 
particular  example  is  described  below  and  shown  in  Figures  III-B.ll 
to  III-B.26. 

Figure  III-B.ll  shows  the  matrix  abstraction  instructions  asso¬ 
ciated  with  this  example.  A  complete  description  of  these  instruc¬ 
tions  is  provided  in  Reference  5«  Figures  III-B.12  to  III-B.15 
display  the  output  from  the  Structural  Systems  Monitor.  These  figures 
record  the  input  data  pertinent  to  the  problem  being  solved. 

Figure  III-B.12  displays  the  problem  title  and  material  data 
output.  The  gridpolnt  coordinates,  temperatures  and  pressures  are 
given  in  Figure  III-B.13.  Boundary  condition  information  and  finite 
element  description  is  shown  on  Figure  III-B.14.  In  the  boundary 
condition  portion  of  the  figure,  zeros  (’O')  represent  degrees  of 
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freedom  tnat  are  fixed  (l.e.,  no  motion),  ones  ('1* )  represent 
degrees  of  freedom  that  are  free  or  have  unknown  values  of  dis¬ 
placement,  and  twos  {' 21)  represent  degrees  of  freedom  that  are 
eliminated  in  the  analysis  procedure  through  the  condensation 
technique.  The  second  last  column  represents  the  cumulative 
number  of  degrees  of  freedom  which  actively  participate  in  the 
equation  solving  process  for  displacements.  The  last  column 
accumulates  the  number  of  two  which  participate  in  the  calcula¬ 
tion  of  the  reduced  stiffness  matrix.  The  second  portion  of 
Figure  III-B.14  shows  the  finite  element  description.  Each  of  the 
three  elements  is  called  out  in  turn  with  grid  points,  print 
options  and  material  number.  Note  that  no  extra  grid  points  are 
listed  nor  needed  for  this  element.  The  same  comment  also  holds 
for  section  properties  since  all  pertinent  data  are  calculated 
within  the  program. 

Figure  III-B.15  displays  the  external  load  condition  and  the 
transformed  external  assembled  load  column.  This  48  x  1  vector 
is  the  total  unreduced  load  which  is  read  row-wise.  The  ordering 
of  this  vector  is  consistent  with  that  of  the  boundary  condition 
table  given  in  Figure  III-B.14.  Note  that  a  load  of  66.66667  pounds 
is  applied  at  node  point  4  in  the  negative  global  Y  direction. 

This  is  position  (11,1)  in  the  load  vector  which  corresponds  to  the 
eleventh  entry  in  the  boundary  condition  table  which  is  the  global 
V  displacement  for  node  point  4.  The  other  loads  shown  follow 
the  same  pattern. 

MAGIC  III  system  output  of  final  results  are  displayed  in  Figures 
III-B.16  to  III-B.26.  Figure  III-B.17  shows  the  stiffness  matrix 
for  this  problem.  It  is  noted  that  only  the  non-zero  terms  are 
displayed.  The  stiffness  matrix  is  presented  row-wise  and  its 
ordering  is  consistent  with  that  of  the  boundary  condition  table 
previously  discussed.  In  this  problem  the  ordering  is 

WT  ■  !>  V  v3-  w3 .  V16<  wl6_j 

The  externally  applied  load  vector  (GPRINT  OF  MATRIX  LOADS) 
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is  presented  in  Figure  111-8.18.  This  figure  shows  that  forces  (Fy) 
are  applied  in  the  negative  and  positive  global  Y  directions  at 
node  points  4,  8,  12  and  16.  These  forces  are  numerically  equal 
to  ±66.66667  pounds  and  are  directed  to  form  a  moment  of  =  800  in. 
pounds  applied  at  the  tip  of  the  cantilever. 

The  displacements  of  the  cantilever  beam  resulting  from  the 
above  loads  are  given  in  Figure  III-B.19.  It  is  noted  that  the  dis¬ 
placements  (U,  V,  W)  are  output  corresponding  to  node  point  number 
and  are  referenced  to  the  global  axes  unless  otherwise  specified. 
Figure  III-B.20  shows  the  reactions  (Fx,  FY,  F z).  These  are  output 
corresponding  to  node  point  number  and  are  referenced  to  the  global 
axes  system  unless  otherwise  specified. 

The  stresses  arising  in  the  structure  are  displayed  in  tabular 
form  in  Figures  III-B.21  to  III-B.23.  Stresses  are  referenced  to 
the  local  coordinate  system  and  for  this  element  are  defined  at  the 
centroid.  Six  stress  values  are  printed  for  the  apparent  element 
stress,  element  applied  stress  and  net  element  stress  categories. 

The  apparent  stress  arises  from  element  deformations  and  the  applied 
stress  arises  from  pre-strain  and  thermal  effects.  The  net  stress 
is  the  difference  between  the  apparent  and  applied  stress  values. 

These  stresses  are  given  mathematical  symbolism  description  In 
Reference  7- 

The  last  set  of  output  is  given  in  Figures  III-B.24  to  III-B.26 
and  consist  of  the  global  oriented  element  forces.  Three  sets  of 
forces  are  given  and  are  categorized  as  above.  The  forces  points  1 
through  8,.  in  this  example,  correspond  to  element  grid  point  numbers. 
For  element  number  one,  for  example,  force  points  1,  2,  3,  4,  5,  6,  7, 
8  correspond  to  element  grid  points  1,  2,  6,  5,  9,  10,  14,  and  13 
respectively. 
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FIG.  III-B.l  RECTANGULAR  PRISM  ELEMENT. - 
CANTILEVER  BEAM  WITH  END  MOMENT 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


FIGURE  III-B.3  MATERIAL  TAPE  INPUT  -  RECTANGULAR  PRISM  ELEMENT,  CANTILEVER  BEAM 
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8.  Number  of  Elements 
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Material  Tape. 
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FIGURE  III-B.4  SYSTEM  CONTROL  INFORMATION  -  RECTANGULAR 
PRISM  ELEMENT,  CANTILEVER  BEAM 
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FIGURE.  III-B.8  ELEMENT  CONTROL  DATA  -  RECTANGUEAR  PRISM  ELEMENT,  CANTi: 


FIGURE  III-B.9  ELEMENT  INPUT  -  .ECTANGUIAR  PRISM  ELEMENT,  CANTILEVER  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III -B.  10  END  CARD  -  RECTANGULAR  PRISM  ELEMENT, 

CANTILEVER  BEAM 
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FIGURE  ITI-B.17  STIFFHESS  MATRIX  -  RECTAKGULAR  PRISM  El 
CANTILEVER  BEAM 
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C.  TETRAHEDRON  ELEMENT 

An  eighteen  element  cantilever  beam. subjected  to  a  constant 
pressure  load  is  shown  in  Figure  III-C.l  as  the  second  example. 

This  figure  shows  the  loading,  idealization,  dimensions  and 
material  properties.  The  preprinted  input  data  forms  for  this 
example  problem  is  given,  in  Figures  XIX-C.2  to  IXI^C.10, 

Inspection  of  the  figures  shows  that  the  input  data  is  very 
similar  to  that  given  in  the  preceding  example  with,  the  exception, 
of  the  element  pressure  input  data  form,  Figure  IH-C.9*  On  that 
form  element  related  pressure  data  is  recorded  for  each  of  the 
eighteen  elements*  The  MODAL  and  REPEAT  options  are  used  to 
efficiently  enter  these  data.  The  MOpAL  data  indicates  that  a  zero 
pressure  is  input  for  each  of  the  fpur  faces  of  each  tetrahedron. 

The  exceptions  to  this  are  given  by  the  data  cards  following  the 
MODAL  inputs.  In  this  particular  example  face  134  of  elements,  1,  7 
and  13  is  pressurized  and  face  123  of  elements  2,  8  and  14  is  pressur¬ 
ized.  It  must  be  noted  that  the  face  numbers  given  above  correspond 
to  tetrahedron  local  numbering  system. 

Hie  output  supplied  by  the  MAGIC  III  System  for  this  example 
is  described  below  and  shown  in  Figures  III- C. 11  to  III- C. 27. 

Figure  III-C.ll  displays  the  matrix  abstraction  instructions 
associated  with  this  example.  A  complete  description  of  these 
instructions  is  provided  in  Reference  5*  Figures  III-C.12  to  III-C.16 
show  the  output  data  obtained  from  the  Structural  Systems  Monitor. 
These  figures  record  the  input  data  pertinent  to  the  problem  being 
solved . 

An  alternative  means  of  obtaining  the  output  shown  in  Figure 
III-C.12  to  Figure  III-C.27  is  to  use  the  .ANALIC.  instruction 
sequence, Figure  III-C.11A, in  place  of  the  standard  STATICS  AGENDUM 
shown  on  Figure  III-C.ll.  Comparison  of  these  two  sets  of  abstraction 
instructions  shows  that  the  .AIJALXC.  sequence  requires  only  two 
statements  whereas  the  STATICS  AGENDUM  requires  forty-five  such 
statements.  A  considerable  difference  is  evident. 
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Reference  to  Section  II.B.4  of  this  report  allows  the  reader 
to  interpret  the  .MALIC,  instruction  listings  To  make  use  of 
•ANALIC.  the  User  must  input  the  following  three  cards?  $MAGIC, 

$RUN-GO  and  ^INSTRUCTION- SOURCE .  The  next  two  cards  contain  the 
. ANALIC .  instructions.  The  first  card  is  identical  to  the  first 
card  in  the  standard  STATICS  AGENDUM  of  Figure  Ill-Cell.  The 
second  card  pertains  to  the  .MALIC,  instruction  and  each  entry 
(DISH.,  STR,  etc)  is  defined  on  pp  25  thru  27  of  this  report.  In 
this  example  problem,  the  three  scalar  values  KALC,  NNOM  and  NRSLEM 
were  suppressed  and  the  default  values  were  used,.  Table  I  Page  27 
shows  that  the  default  for  KALC  results  in  the  use  of  the  Cholesky 
triangul&ris&ticn  method  for  solution  of  the  governing  equations. 

The  default  value  for  NNOM  is  eight  which  means  that  a  maximum 
number  of  eight  grid  points  can  be  used  to  define  the  element.  The 
default  value  is  forty  for  NRSLEM.  This  entry  indicates  the  maximum 
number  of  rows  in  the  element  stress  matrix.  Consultation  of  Table  II 
page  28  shows  that  NNOM  equals  4  and  NRSLEM  equals  6  for  the  tetra¬ 
hedron  element  Used  in  this  example  problem.  These  values  could  have 
been  used  in  place  of  the  default  values. 

It  is  emphasized  that  .MALIC,  should  be  utilized  for  problems 
which  are  of  the  size  that  can  be  executed  entirely  in  core.  Depending 
on  the  type  of  finite  elements  being  employed,  the  upper  limit  in  the 
MAGIC  III  System  for  .MALIC,  is  approximately  two-hundred  reduced 
degreea-of-f reedom . 

Figure  III-C.12  displays  the  problem  title  and  material  data 
output.  The  gridpoint  coordinates,  temperatures  and  pressures  are 
given  in  Figure  III-C.13.  Boundary  condition  information  and  finite 
element  description  is  shown  on  Figure  III-C.14.  In  the  boundary 
condition  portion  of  the  figure,  zeros  (’O’)  represent  degrees  of 
freedom  that  are  fixed,  (i.e.  no  motion)  and  ones  (’!')  represent 
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degrees  of  freedom  that  are  free  (have  unknown  values  of  dis¬ 
placement)  .  Note  that  no  condensation  procedure  is  used  in  this 
problem  hence  twos  (*2*)  are  not  used.  The  second  last  column 
accumulates  the  number  of  active  degrees  of  freedom  which  in  this 
problem  is  36.  Ifce  second  portion  of  Figure  iII-C.l4  shows  the 
finite  element  description.  Each  of  the  eighteen  elements  is 
called  out  in  turn  with  grid  points,  print  options  and  material 
number.  Note  that  neither  grid  points  nor  section  properties  are 
presented  since  these  are  not  required  for  the  tetrahedron  element. 

Element  input  pressures  are  given  on  the  Element  Pressure  Table 
in  Figure  III-C.15  for  those  elements  subjected  to  such  pressures. 
Four  columns  of  pressure  data  are  presented  and  reflect  the  input 
pressure  oh  tetrahedra  faces  134,  234,  124  and  123  respectively. 

Note  again  that  these  face  numbers  refer  to  local  coordinate  systems. 

Figure  III-C.16  displays  the  external  load  condition  and  trans¬ 
formed  external  assembled  load  column.  Note  that  all  loads  are  of 
zero  magnitude  since  the  only  loading  present  in  this  example  is  the 
pressure  which  is  considered  an  element  applied  load  and  not  an 
external  load  as  such. 

MAGIC  III  System  output  of  final  results  are  displayed  in 
Figures  III-C.17  to  ilI-C.27.  The  stiffness  matrix  is  shown  in 
Figure  III-C.17*  Only  the  non-zero  terms  are  displayed  and  it  is 
presented  row-wise.  It*s  ordering  is  consistent  with  that  of  the 
boundary  condition  table. 

In  this  problem  the  ordering  is 

{of  -  [v  v2,  Wg,  03,  V3,  W3 . ul6,  Vl6, 

with  degrees  of  freedom  U^,  V^,  U^,  V^,  W^,  U^, 

u13' 


Vj 

V^,  and 


V13  W13  fixed* 


The  matrix  of  element  applied  loads  { GPRINT  OF  MATRIX  FTEDA) 
is  shown  in  Figure  III-C.18.  This  represents  the  work  equivalent 
loads  due  to  element  applied  pressure.  It  is  this  force  vector, 
defined  at  each  grid  point,  which  loads  the  structure.  This 
figure  shows  that  loads  of  varying  magnitude  are  applied  in  the 
negative  global  Z  direction.  The  next  figure.  Figure  I1I-C.19> 
shows  the  externally  applied  load  vector  (GPRINT  OP  MATRIX  LOADS) 
which  as  discussed  in  the  previous  paragraph,  are  of  zero  magnitude. 

The  displacements  of  the  cantilever  beam  resulting  from  the 
above  loads  are  presented  in  Figure  IIT-C.20,  It  id  noted  that  the 
displacements  (U,  V,  W)  are  output  corresponding  to  node  point 
numbers  and  are  referenced  to  the  global  axes.  Figure  III-C.21  shows 
the  reactions  (Fx,  Py,  P2) .  These  are  also  output  corresponding  to 
node  point  number  and  are  referenced  to  the  global  axes  unless  other¬ 
wise  specified. 

The  stresses  arising  in  the  structure  are  displayed  in  tabular 
form  for  each  element.  Typical  results  are  presented  in  Figures  III- 
C .22  to  III-C.24  for  elements  1,  7  and  18  respectively.  Stresses  are 
referenced  to  the  global  axes  system  and  are  defined  for  any  point 
in  the  tetrahedron  element  since  this  element  is  a  constant  strain 
element.  (See  Reference  7).  Normally  the  user  will  consider  the 
stresses  to  be  defined  at  the  element’s  centroid,  end  the  labeling 
(STRESSES  EVALUATED  AT  ELEMENT  CENTROID)  reflects  this  consideration. 
Since  no  pre-strain  or  temperatures  were  considered  in  this  problem 
the  element  applied  stresses  are  zero  and  only  the  apparent  element 
stresses  are  of  significance.  Thus  the  net  element  stresses  and 
apparent  element  stresses  are  equal. 

The  last  set  of  output  is  given  in  Figures  III-C.25  to  III-C.27 
and  consist  of  the  global  oriented  element  forces.  Output  labeling 
is  analogous  to  the  stress  output  labeling.  The  apparent  element 
forces  arise  from  the  cantilever  deformation  and  the  element  applied 
forces  exist  due  to  the  element  applied  pressure.  Hie  force  point  1,  2, 
3,4,  in  this  example  correspond  to  element  grid  point  numbers.  For 
element  number  one,  for  example,  force  points  1,2, 3, 4  correspond  to 
element  grid  points  1,  5,  9»  10  respectively. 
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FIGURE  III-C.17  COHTimJED 
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LOAD  CONDITION  NUMER  ElEPEM  PIPCEP  ElEPENT  TYPE  ELEMENT  GRID  POINTS 


D.  Triangular  Prism 

A  six  element  cantilever  beam  subjected  to  an  end  moment 
is  shown  in  Figure  IXI-D.l.  This  figure  displays  the  loading, 
idealization,  dimensions  and  material  properties.  The  pre¬ 
printed  input  date  forms  associated  with  this  example  are 
given  in  Figures  III-D.2  to  III-D.9.  No  comments  need  to  be 
made  with  respect  to  the  input  for  this  element  since  no  pecularities 
exist.  The  reader,  however,  should  review  the  input  data  sheets 
and  compare  them  to  the  previous  examples  for  clarification 
purposes . 

The  output  supplied  by  the  MAGIC  III  System  for  this  example 
is  described  below  and  shown  in  Figures  III-D.10  to  III-D.22. 

The  matrix  abstraction  instructions  are  shown  in  Figure  III-D.10. 

A  complete  description  of  these  instructions  is  provided  in 
Reference  5«  Figures  III-D.ll  to  III-D.14  show  the  output  data 
obtained  from  the  Structural  Systems  Monitor.  These  figures  re¬ 
cord  the  data  pertinent  to  the  problem  being  solved. 

Figure  III-D.ll  displays  the  problem  title  and  material 
data  output.  The  gridpoint  coordinates,  temperatures  and  pressures 
are  given  in  Figure  III-D.12,  Boundary  condition  information  and 
finite  element  description  is  presented  in  Figure  III-B.13.  In 
the  boundary  condition  portion  of  the  figure,  zeros  ('0')  repre¬ 
sent  degrees  of  freedom  that  are  fixed  (i.e.,  no  motion)  and 
ones  ('1')  represent  degrees  of  freedom  that  are  free  (have  unknown 
values  of  displacement).  The  second  last  column  accumulates  the 
number  of  ones  which  in  this  problem  is  3b.  The  second  portion 
of  Figure  IXI-D.13  shows  the  finite  element  description.  Each  of 
the  six  elements  is  called  out  in  turn  with  gridpeints,  print 
options  and  material  number.  Note  that  neither  extra  gridpoint 
nor  section  properties  are  presented  since  they  are  not  required 
for  this  element. 

Figure  III-D.14  presents  the  external  load  condition  and 
transformed  external  assembled  load  column.  This  48x1  vector  is 
the  total  unreduced  load  which  is  read  row-wise.  'The  ordering  of 
this  vector  is  consistent  with  that  of  the  boundary  condition 
table  given  in  Figure  III-D.13.  Note  that  a  load  of  66.66667  pounds 
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A 


is  applied  at  node  point  4  in  the  negative  global  Y  direction. 

This  is  position  (11,1)  in  the  load  vector  which  corresponds  to 
the  eleventh  entry  in  the  boundary  condition  table  which  is  the 
global  V  displacement  node  point  4.  The  other  loads  follow  the 
same  pattern. 

MAGIC  III  System  output  of  final  results  are  displayed  in 
Figures  III-D.15  to  III-D.22,  Figure  III-D.15  3hows  the  stiffness 
matrix  which  is  presented  row-wise  and  it's  ordering  is  consis¬ 
tent  with  that  of  the  boundary  condition  table  previously 
discussed.  In  this  problem  the  ordering  ig 


T 

}  “  LU2’  V2'  w 2*  U3*  V3*  W3» . *yi6*  vl6* 

degrees  of  freedom  VVVVV W W  and  U13»V  W  fixed 


The  externally  applied  load  vector  (G PRINT  OF  MATRIX  LOADS) 
is  presented  in  Figure  III-D.16.  This  figure  shows  that  forces  (F  ) 
are  applied  in  the  negative  and  positive  global  Y  directions  at 
node  points  4,  8,  12  and  16.  These  forces  are  numerically  equal 
to  ±66.66667  pounds  and  are  ’irected  to  form  a  moment  of  Mx  =  800 
in  pounds  applied  to  the  tip  of  the  cantilever. 

The  displacements  of  the  cantilever  beam  resulting  from 
the  above  loads  are  given  in  Figure  III-D.17.  It  Is  noted  that 
the  displacements  (U,  V,  ¥)  are  output  corresponding  to  node  point 
number  and  are  referenced  to  Hie  global  axis.  Figure  III-D.18 
shows  the  reactions  (Fx,Fy,Fz).  These  are  output  corresponding  to 
node  point  number  and  are  referenced  to  the  global  axes  system. 

The  stresses  arising  in  the  structure  are  displayed  in 
tabular  form  in  Figures  III-D.19  and  III -D. 20  for  elements  1  and 
6  for  example.  Stresses  are  defined  at  the  centroid  and  are 
referenced  to  the  global  axes  for  ^ach  tetrahedron  which  makes 
up  a  particular  triangular  prism  element.  Three  stress  points 
are  given  under  each  stress  category  for  each  triangular  prism. 

These  stress  points  correspond  to  the  stresses  in  particular 
tetrahedrons  whicu  are  defined  in  the  heading  of  the  stress  data. 

The  tetrahedron  nodes  listed  are  the  local  node  numbering  system 
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and  these  must  be  correlated  with  the  grid  point  numbering  system. 
In  the  present  case,  element  number  one  is  defined  a s  shown  in  the 
sketch  below: 


Thp  numbers  in  parenthesis  are  the  local  element  numbering  system 
(See  Reference  7)  and  the  other  !.  .ibers  are  global  gridpoints. 

The  Roman  numerals  on  the  right  hand  sketch  are  the  tetrahedron 
numbering  system.  The  remaining  elements  in  the  idealization  are 
handled  in  the  same  fashion. 

The  last  set  of  output  is  given  in  Figures  III-r,21  to 
III-D.22  and  -insist  of  the  global  oriented  element  forces. 

Output  labeling  is  analogous  to  the  stress  output  except  that  the 
element  forces  are  defined  only  at  the  six  corner  points  of  the 
triangular  prism  element.  Six  force  points  are  given  and  for 
element  number  one  for  example,  force  points  1,  2,  3,  4,  5,  6 
correspond  to  element  grid  point  numbers  1,  5,  9,  2,  6,  lo 
respectively. 
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Mgure  Ill-ftl  Triangular  Prism  Cantilever  Beam  With  End  Moment 


MAGtC  STRUCTUtM  ANAIYJIS  SYSTEM 
INHIT  DATA  F0EMA7 

SYSTEM  CONTROL  rNFORMATf  ON 


ENTER  APPROPRIATE  NUM3ER,  RIGHT 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 


1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 
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E  M 

1  ?  3  4  5  6 

QT 
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1  ?  3  *«  5  6 

1  fej 

T^TTznf  12 


3.  Nusber  of  Degrees  of  Freedom/Grid  Point 

k.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 

10.  Number  of  Input  Boundary 
Condition  Points 

11.  Tq  For  Structure  (With  Decimal  Point) 


?9  30 


(/) 


(/) 
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FIGURE  III-D.4  SYSTEM  CONTROL  INFORMATION  - 

TRIANGULAR  PRISM  ELEMENT,  CANTILEVER  BEAM 


RAC  1822 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


1  2  3  4  8  5 


FIGURE  III-D.5  GRIDPOINT  COORDINATES  - 

TRIANGULAR  PRISM  ELEMENT, 
,  CANTILEVER 
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MASKS  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

BOUNDARY  CONDITIONS 


FIGURE  III-D.6 
24 1 


BOUNDARY  CONDITIONS  -  TRIANGULAR  PRISM 
ELEMENT,  CANTILEVER  BEAM 
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FIGURE  IH-D.19  STRESS  OUTPUT,  KL EXERT  RO.  1  -  TRIARGULAR  PRISM 
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FIGURE  IIT-D.21  FORCE  OUTPUT,  ELSStERT  tIO.  1  -  TRIAHGULAR  FRISK 
ELatERT,  CAHTILEVTSR  BEAM 
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E.  Symmetric  Triangular  Prism 

A  six  element  cantilever  beam  subjected  to  an  end 
moment  is  shown  in  Figure  III-E.l.  This  figure  depicts  the 
loading,  idealization,  dimensions,  and  material  properties. 

The  preprinted  input  data  forms  for  this  example  are  given 
in  Figures  III-E.2  to  III-E.9*  Preparation  of  input  data  for 
this  element  is  straight  forward,  however,  a  comment  must  be 
made  on  the  ’'Element  Control  Data’’  form.  Figure  III-E.8. 

Since  we  are  using  a  symmetric  trla'.igular  prism  element  only 
three  (3)  node  points  define  the  element.  Although  column  34 
in  this  figure  indicates  that  6  input  nodes  are  needed  the 
user  only  inputs  the  three  pertinent  node  points.  Note  also 
that  the  ’’Plug  No, ’ •  columns  11  and  12  is  the  same  as  used  for 
the  symmetric  triangular  prism  element.  It  is  also  Important  to 
note  that  the  user  must  define  the  global  XY  plane  as  the  plane 
of  symmetry  for  the  symmetric  triangular  prism. 

The  output  supplied  by  the  MAGIC  III  System  for  this 
particular  example  is  described  below  and  shown  in  Figures 
III-E.10  to  III-E.21.  The  matrix  abstractions  are  shown  in 
Figures  III-E.10.  A  complete  description  of  the  instructions 
is  provided  in  Reference  5.  Output  from  the  Structural  Systems 
Monitor  is  given  in  Figures  III-E.ll  to  III-E.13.  These  figures 
record  the  data  pertinent  to  the  problem  being  solved. 

The  problem  title  and  material  data  output  are  shown  in 
Figure  III-E.ll.  Gridpoint  coordinates,  temperatures,  and  pres¬ 
sures  are  given  in  Figure  III-E.12,  as  well  as  boundary  condition 
information  and  element  description.  In  the  boundary  condition 
portion  of  the  figure,  zeros  (’O’)  represent  degrees  of  freedom 
that  are  fixed  (i.e.  no  motion)  and  ones  (’l1)  represent  degrees 
of  freedom  that  are  free  or  have  unknown  values  of  displacement. 
The  second  last  column  represents  the  cumulative  number  of  degrees 
of  freedom  which  actively  participate  in  the  equation  solving 
process  for  displacements.  The  last  column  accumulates  the 
number  of  twos  ('2')  which  participate  in  the  calculation  of  the 
reduced  stiffness  matrix.  The  third  portion  of  Figure  III-E.12 
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shows  the  finite  element  description.  Each  of  the  six  elements 
is  called  out  in  turn  with  gridpoints,  print  options  and  material 
number.  Note  that  no  extra  grid  points  are  listed  nor  needed  for 
this  element.  The  same  comment  also  holds  for  section  properties 
since  all  pertinent  data  are  calculated  within  the  program. 

Figure  IIi-Eri3  displays  the  external  load  condition  and 
transformed  external  assembled  load  column.  This  24x1  vector  is 
the  total  unreduced  load  which  is  read  row-wise.  The  ordering  of 
this  vector  is  consistent  with  that  of  the  boundary  condition 
table  given  in  Figure  III-E.12.  Note  that  a  load  of  66. 6666? 
pounds  is  applied  at  node  4  in  the  negative  global  Y  direction. 

This  is  position  (11,1)  in  the  load  vector  which  corresponds 
to  the  eleventh  entry  in  the  boundary  condition  table  which  is 
the  global  V  displacement  for  node  point  4.  The  other  loads 
follow  the  same  pattern. 

MAGIC  III  system  output  of  final  results  are  displayed 
in  Figures  III-E.14  to  III-E.21.  Figure  III-E.14  shows  the 
stiffness  matrix  for  this  problem.  Note  that  only  the  non-zero 
terms  are  displayed.  The  stiffness  matrix  is  presented  row-wise 
and  it '8  ordering  is  consistent  with  that  of  the  boundary  condi¬ 
tion  table  previously  discussed.  In  this  problem  the  ordering  is 

f&SP(  '  Lu2’va-w2-u3>v3'w3"--u8-vS>w8j 

with  displacements  and  and  fixed. 

The  externally  applied  load  vector  (GFRINT  OF  MATRIX 
LOADS)  is  presented  in  Figure  III-E.15.  This  figure  shows  that 
forces  (Fy)  are  applied  in  the  negative  and  positive  global  Y 
directions  at  nodes  4  and  8.  These  forces  are  numerically  equal 
to  ±66.66667  pounds  and  are  directed  to  form  a  moment  of  M  -  8oo 
in  pounds  applied  at  the  tip  of  the  cantilever. 

The  displacements  of  the  cantilever  beam  resulting  from 
the  above  loads  are  given  in  Figure  III-E.16.  These  displacements 
(U,  V,  ¥)  are  output  corresponding  to  node  point  number  and  are 
referenced  to  the  global  axes  unless  otherwise  noted.  Figure  III-E.17 

shows  the  reactions  (F„,  F  .  F_),  These  are  also  output  corres- 

x  y  Zj  • 


ponding  to  node  point  number  and  are  referenced  to  the  global 
axes  system  unless  otherwise  specified. 

The  stresses  arising  in  the  structure  are  displayed  in 
tabular  form  in  Figures  III-E.18  and  III-E.19  for  elements  1  and 
6  for  example.  Stresses  are  defined  at  the  centroid  and  are 
referenced  to  the  global  axes  for  each  tetrahedron  which  makes  up 
a  particular  symmetric  triangular  prism  element.  Three  stress 
points  are  given  under  each  stress  category  for  each  prism. 

These  stress  points  correspond  to  the  stresses  in  particular 
to^ahedvc-.c  ^hich  are  denned  in  the  heading  of  the  stress 
data.  The  tetrahedron  nodes  listed  are  the  local  node  numbering 
system  and  these  must  be  correlated  with  the  gridpoint  numbering 
system.  In  the  present  case,  element  number  one  is  defined  as 
shown  in  the  sketch  below: 


The  numbers  in  parenthesis  correspond  to  the  local  element  number¬ 
ing  system  (See  Reference  7)  and  the  other  numbers  are  global 
gridpoints.  The  Roman  numerals  on  the  right  hand  sketch  are  the 
tetrahedron  numbering  system.  The  remaining  elements  in  the 
idealization  are  handled  in  the  same  fashion 

The  last  set  of  output  is  given  in  Figures  III-E.20  and 
III-E.21  and  consist  of  the  global  oriented  element  forces. 


265 


Output  labeling  1*  analogous  to  the  stress  output  except  that  the 
element  forces  are  defined  only  at  she  three  corner  points  of  the 
symmetric  triangular  prism  element.  Three  force  points  are  given 
and  for  element  number  one  for  example,  force  points  1,  2,  3 
correspond  to  element  gridpoint  numbers  5*  2,  and  6  respectively. 


1 


Ex  -  Ey  •  E?  »  E  -  30,0  x  106  psi 

*xy  ■  V  "  V  *  4zy  -  °zx  -333 

*x  ■  €x  ■  *2  ”  °»  T1  -  T2  -  — ' T16  *  °-° 

Mxz  »  800  In# 


Figure  III-E.l  Symmetrical  Triangular  Prism  -  Cantilevered  Beam 

With  End  Moment 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
iWNJT  DATA  FORMAT 


FIGURE  III-E.3  MATERIAL  TAPE  INPUT  -  SYMMETRIC  TRIANGULAR  PRISM 

CANTILEVER  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  BATA  FORMAT 


SYSTEM  CONTROL  INFORMATION 


ESTER  APPROPRIATE  NUMBER,  RIGHT 
ADJUSTED,  IN  BOX  OPPOSITE 
APPLICABLE  REQUESTS 

nMHnaanMMnMManBKianiaiMiMKBaaaMii 


1.  Number  of  System  Grid  Points 

2.  Number  of  Input  Grid  Points 

3.  Number  of  Degree#  of  Freedcm/Grid  Point 
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ran 

a 

123456 
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4.  Number  of  Load  Conditions 

5.  Number  of  Initially  Displaced  Grid  Points 

6.  Number  of  Prescribed  Displaced  Grid  Points 

7.  Number  of  Grid  Point  Axes  Transformation 
Systems 

8.  Number  of  Elements 

9.  Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 

Condition  Points 
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52 

FIGURE  III-  E.4  SYSTEM  CONTROL  INFORMATION  -  SYMMETRIC 
TRIANGULAR  PRISM,  CANTILEVER  BEAM 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-E.5 
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GRIDPOINT  COORDINATES  -  SYMMETRIC 
TRIANGULAR  PRISM,  CANTILEVER  BEAM 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


BOUNDARY  CONDITIONS 


INPUT  COOS  •  0  -  No  DitpiKsrMnt  Allowod 

1  -  Unknown  Or^*c*m*nt 

2  •  Known  Ofeptacamcnt 


FIGURE  III-E.6  BOUNDARY  CONDITIONS  -  SYMMETRIC  TRIANGULAR 

PRISM,  CANTILEVER  BEAM 
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FIGURE  III-E.3  ELEMENT  CONTROL  DATA  -  SYMMETRIC  TRIANGULAR  PRISM 

CANTILEVER  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTSM 
INPUT  DATA  FORMAT 

CHECK  OR  END  CARD 


(/) 

(/) 


IGURE  III-E.9 


END  CARD  -  SYMMETRIC 
TRIANGULAR  PRISM, 
CANTILEVER  BEAM 
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FIOURE  IIT-E.10  MAGIC  ABSTRACT  INSTRUCTION  LISTING 
TRIANGULAR  IRISH,  CANTILEVER  BE 


! 


S88SSS3$$38*8mS$&SS$£SgI5 

um*>  wwmw*’*  w*S85S32S5S32i5£ 

v  *•  fr*  ** 


o 


N 


«* 

* 


U 

-rf 

ft 


a? 

o 


u 

« 

e 

irt 

2 


u 

ft 

* 


«* 

ft 

K 

ft 

w* 


0* 

I 

i 

*fc 

a 

S8 

o% 


o 

4  © 
W  «* 

0^0 

*  .  K» 

•  ►* 

•*  ®  o 

«-t  3  *9 
J  v» 

2  •« 
•  ♦ 
«3  ** 

s2J 

.  *  * 

*  u. 

*I£ 

*»  p  o 

W  W  ft 
ft  « 

Id  lit  to. 

*  «  “ 


w«d 

fttw 

X 

K 

^  flk. 

« 

o 

^  yi 

«J  W  V  w 

ft  «M 

u 

22 

<u 

w  «  ¥»<* 

w 

►*  M  *1*1 

•  w 

4* 

<y  *«« 

S 

IM 

* 

*•  <*>  ♦ 

w 

ft  * 

ft  ««• 

* 

I* 

«  lit  * 

3 

ft 

W 

M  Jt  **» 

Mt 

ft 

•  «•  ^  •. 

* 

*o 

VI 

wu  •  w 

£> 

ftm 

ay 

V»  Vt  i»»  ye 

u  2 

iai 

•  * 

4*r 

«  w 

« 

«V>  ft*  P*  ** 

w 

u 

O 

^  y  *. 

ft  ft 

w 

e  *  S  t 

w 

W 

a 

*  l>  &  if* 

m 

o  « 

*  *  •% 

^  ^  *  .8  « 

lit 

ww 

0 

ft  * 

ft.  ~ 
ft 

*•8 
*- «« 
X 

vi 

ss 

«4  *• 
at** 

V  Ui 


* 

X 

%A 

9 

5 

s! 


— i » 

ft  ft  |K  ft  « 

«  *  ft>  • 

***»  at**© 

ft*,  ► 
*  •  »  • 

>  ft  Jl  ft  o 
&  ft  .*«.  a 

•  •  ft  a 
W  ft  iKo 
u.  ft  9ft  • 


8 


8 

*’ 

X 


41  *  »  •  «4  «* 

*• 
2f 

ft* 


*  »  *  »,i 

*  •  *  *  3 
*  #  *-  * 

ffPSCii 

** 

«<M  MMft. 


28  6 
ft  ft  * 

ft  W  M 


*+  *m  » 

» 

A  «*  ft, 

*;  . 

U  ft  ft  U 
MMMM 
*  •  •  * 
• 

ft  ftft  c 
»  •  *  • 
to  l c 
*  *•  • 
ft  ft  •  •< 
ft  ft  *  ft 

•  «  ft  • 
««  •« 

•  i «  , 

««  t< 
••  ft  *• »» 

if*i 

<?<$*•* 

4444 

ft  ft  *  ft 
®  *  «*  » 
«9  <8 

•  »  O  » 

«** 

•  0  •  * 
•  *  •  * 
•  *  »  * 

*  *  *3  *0 


l  ESfftiC 

8  ssex 

liil 


** 

© 

8 

W 

*4. 

8 

* 


8 

»» 

w 

ft 

ft 

ft 

2 


ft  e 
•ft 

4". 


*"ft 

«  * 

88 

•  ® 

*  * 

»S 

«*w 


uuwwuu 


u  u  u 


WUU 


*n 


•  Oft 
ft  N  « 


N  «5  ft  (ft# 
<V  (V  N  8*  «j 


ft  •  ft  0 

ft  ft  ft  ft 


ftft 

mm 


KIOUKJS  Iix-K.lo  MAQIC  ABSTRACT  IUSTBOCTIOif  LISTIJKJ  -  SYMWSTRI 
TRXAKOUIAR  PRISM,  CANTILEVER  BEAM  (CONCLUDED) 


SWHCTBSC  1*l**6t,l*e  « np  IGff*.  Mn.Si 


£KTfftfc«t  ta*C  CCNCJTIOKS 


♦  •t  •<  N  n  i*.  *  i- 


280 


FIGURE  IIT-E.l*  STIFFKESS  MS  TRIE  OUTRJT  -  SYMMETRIC  TRIAKOULAR  PRrSM,  CAMTUEVER  BEAM  (COMCUUDED) 
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FIGURE  III-*. 19  STRESS  OUTPUT.  ELEMEKT  NO.  6  -  SYMMETRIC  TRIANGULAR  PRJSH,  CANTILEVER  BEAK 
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FIGURE  UI-E.21  FORCE  OUTFUT,  ELEMENT  No.  6  -  SYMMETRIC  TRIANGULAR  PRISM, 

CANTIIZVER  BEAM 


F,  SYMMETRIC  SHEAR  WEB 

A  two-bay  cantilevered  box  beam  is  idealized  by  use  of  the 
symmetric  shear  web,  axial  force  ana  quadrilateral  shear  panel 
finite  elements  and  serves  as  the  fifth  example  problem.  Hiis 
structure  is  shown  in  Figure  III-F.l.  with  the  attendant  loading, 
idealization,  dimensions  and  material  properties.  Hie  preprinted 
input  data  forms  associated  with  this  example  problem  are  given  in 
Figure  III-F.2  to  IIX-F.10.  Note  the  manner  in  which  the  boundary 
conditions  Figure  IIX-F.6  are  imposed  in  this  example.  First,  all 
degrees-of-freedom  are  fixed  through  use  of  the  MODAL  card,  then 
the  exceptions  are  designated  on  the  following  cards.  The  REPEAT 
option  is  used  to  advantage  here  also.  A  comment  must  be  made  here 
with  respect  to  the  symmetric  shear  web  element.  Hie  plane  of 
symmetry  used  for  this  element  must  always  be  the  global  XY  plane 
thus  the  element  is  oriented  perpendicular  to  this  plane,  and 
z  =  Z.  That  is,  the  local  2  coordinate  of  the  grid  points  which  define 
the  element  are  identical  to  the  global  Z  coordinates  of  these  same 
points . 

The  following  load  data  is  evident  by  inspection  of  Figure 
III-F.7,  External  Loads  Section. 

1)  One  load  condition  is  input 

2)  Hie  external  applied  load  scalar  is  zero 

3)  Grid  point  6  it  loaded  with  a  force  in  the  positive  Z 
direction  equal  to  1000.0  pounds. 

Note  that  no  entries  corresponding  to  External  Moments  are  made 
since  the  elements  used  in  the  idealization  do  not  accomodate  such 
loadings . 

Note  that  external  element  input  data  are  needed  for  the  finite 
elements  used  in  this  example.  The  axial  force  elements  require 
cross-sectional  area,  the  symmetric  shear  web  and  quadrilateral 
shear  panel  elements  require  thickness.  Hiese  data  are  shown  on 
Figure  III-F.9. 
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The  output  supplied  by  the  MAGIC  III  system  for  this 
particular  example  Is  described  below  and  shown  in  Figures  III-F.ll 
to  III-F.12. 

Figure  III-F.ll  shows  the  matrix  abstraction  instructions 
associated  with  this  example.  A  complete  description  of  these 
instructions  is  provided  in  Reference  5*  Figures  III-F.12  to 
III-F.15  display  the  output  from  the  Structural  Systems  Monitor. 

These  figures  record  the  input  data  pertinent  to  the  problem  being 
solved . 

Figure  III-F.12  displays  the  problem  title  and  material  data 
output.  The  grid  point  coordinates,  temperatures  and  pressures  are 
given  in  Figure  III-F.13.  In  addition,  boundary  condition  informa¬ 
tion  and  finite  element  descriptions  are  also  shown  on  this  figure. 

In  the  boundary  condition  portion  of  the  figure,  zeros  ('0')  represent 
degrees  of  freedom  that  are  fixed  (i.e.,  no  motion),  ones  ('1') 
represent  degrees  of  freedom  that  are  free  or  have  unknown  values  of 
displacement,  and  two's  (f2!)  represent  degrees  of  freedom  that  are 
eliminated  in  the  analysis  procedure  through  the  condensation  technique. 
The  second  last  column  represents  the  cumu3  ative  number  of  degrees 
of  freedom  which  actively  participate  in  the  equation  solving  process 
for  displacements.  The  last  column  accumulates  the  number  of  twos 
which  participate  in  the  calculation  of  the  reduced  stiffness  matrix 
which  is  not  used  in  the  present  example.  Figure  III-F.14  shows  the 
finite  element  description.  Each  of  the  elements  is  called  out  in 
turn  with  grid  points,  print  options  and  material  number.  Note  that 
extra  grid  points  are  needed  for  the  axial  element  in  order  to  define 
the  orientation  of  the  local  axes  system  for  this  element.  The 
section  properties  previously  discussed  are  also  listed  in  the  right 
hand  column  of  the  figure. 

Figure  III-F.15  displays  the  external  load  condition  and  the 
transformed  external  assembled  load  column.  This  42  x  1  vector  is 
the  total  unreduced  load  which  is  read  row-wise.  The  ordering  of 
this  vector  is  consistent  with  that  of  the  boundary  condition  table 
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given  in  Figure  III-F.13.  Note  that  a  load  of  1000.0  pounds  is 
applied  at  node  point  6  in  the  positive  global  2  direction. 

This  is  position  (33,1)  in  the  load  vector  which  corresponds  to 
the  thirty-third  entry  in  the  boundary  condition  table  which  is 
the  global  w  displacement  for  node  point  6. 

MAGIC  III  system  output  of  final  results  are  displayed  in 
Figures  III-F.16  to  III-F.24.  Figure  III-F.lo  shows  the  stiffness 
matrix  for  this  problem.  It  is  noted  that  only  the  non- zero 
terns  are  displayed.  The  stiffness  matrix  is  presented  row-wise 
and  its  ordering  is  consistent  with  that  of  the  boundary  condition 
table  previously  discussed.  In  this  problem  the  ordering  is 


The  externally  applied  load  vector  ( GPRINT  OF  MATRIX  LOADS) 
is  presented  in  Figure  III-F.17.  This  figure  shows  that  a  force 
(F  )  is  applied  in  the  positive  global  Z  direction  at  node  point  6. 

The  displacements  and  reactions  of  the  cantilever  beam 
resulting  from  the  above  loads  are  given  in  Figure  III-F.18.  It  is 
noted  that  the  displacements  (U,  V,  W)  are  output  corresponding  to 
node  point  number  and  are  referenced  to  the  global  axes  unless 
otherwise  specified.  The  second  portion  of  Figure  III-F.19  shows 
the  reactions  (Fx>  Fy,  Fz) .  These  are  also  output  corresponding 
to  node  point  number  and  are  referenced  to  the  global  axes  system 
unless  otherwise  specified. 

The  stresses  arising  in  the  structure  are  displayed  in 
tabular  form  in  Figures  III-F.19  to  III-F.24.  Stress  data  for  the 
axial  force  elements,  elements  1  to  6,  are  referenced  to  the  element 
coordinate  system  and  defined  to  be  the  axial  force  acting  at  the 
two  grid  point  connections.  Figure  III-F.19  presents  typical  results 
wherein  stress  points  1  and  2  correspond  to  the  element  end  grid 
points . 
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Six  stress  value  headings  are  printed  for  the  apparent  element 
stress,  element  applied  stress  and  net  «l«ssent  stress  categories. 

The  apparent  stress  arises  frees  element  d^fonaatione  and  the  applied 
stress  arises  from  pre-strain  and  thermal  effects.  The  net  stress 
is  the  difference  between  the  apparent  art-d  applied  stress  values. 

In  this  instance  only  the  axial  heading  h»s  entries,  the  remaining 
headings  are  used  for  the  frame  element.  (See  Reference  5  P*ge  ?'•??•) 

Stress  values  for  the  symmetric  shear  web  element  are  typically 
presented  for  element  one  in  Figure  III-F  .20.  The  membrane  shear 
stress  is  listed  for  each  of  the  three  categories  for  one  element 
stress  point,  that  being  the  centroid  of  the  element.  These  stresses 
are  oriented  to  the  local  axes  system,  !*^e  final  set  of  stresses 
are  typically  displayed  for  e1  ament  thirteen  in  Figure  III-F. 28  for 
the  quadrilateral  shear  panel  elements  and  are  tabulated  in  the 
same  fashion  as  in  the  shear  web  element. 

The  last  set  of  output  is  given  in  Figures  III-F. 22  to 
III-F. 24  which  displays  the  element  forces  for  each  of  the  three 
elements.  These  forces  are  given  in  the  global  system.  The  force 
points  correspond  to  the  end  points  of  the  axial  elements.  In 
element  one,  for  example,  force  point  1  corresponds  to  grid  point  1 
and  force  point  2  to  grid  point  3-  Data  for  the  remaining  element 
types  is  presented  in  the  same  fashion. 
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MAGIC  STRUCTURAL  ANALYSIS 
INPUT  DATA  FORMAT 


FIGURE  III-F.3  MATERIAL  TAPE  INPUT  -  SYMMETRIC  SHEAR  WEB 
CANTILEVERED  BEAM 
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FIGURE  III-F.4  SYSTEM  CONTROL  INFORMATION  -  SYMMETRIC  SHEAR  WEB 

CANTILEVERED  BEAM 
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III-F.3  ELEMENT  CONTROL  DATA  -  SYMMETRIC  SHEAR  WES 
CANTILEVERED  BEAM 


CANTILEVERED  BEAM 


MAGIC  STRUCTURAL  ANALYSIS  SYSTS* 

INPUT  DATA  FORMAT 

CHECK  OR  END  CARD 
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FIGURE  III-F.IO  END  CARD  -  SYMMETRIC  SHEAR  WEB, 

CANTILEVERED  BEAM’ 
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MODIFIED  QUADRILATERAL 


A  four  element  Idealization  of  a  structural  joint  is  shown 
in  Figure  IIX-G.l.  This  figure  shows  the  loading,  idealization, 
dimension  and  material  properties.  The  problem  is  one  of  those 
shown  in  Reference  9  page  329  wherein  the  effects  of  the  modification 
of  this  element  were  evaluated.  The  preprinted  input  data  forms 
associated  with  this  example  are  given  in  Figure  III-G.2  to  III-G.10. 

Of  interest  is  the  Boundary  Condition  Section,  Figure  III~G.6 
which  shows  the  use  of  the  MODAL  and  REPEAT  options.  There  are  8 
exceptions  to  the  MODAL  card.  Grid  points  4,  6,  11,  and  14  have  the 
same  boundary  conditions  as  grid  point  1,  therefore  the  option  is 
employed  by  placing  an  M  X"  in  column  12  opposite  the  entry  for  grid 
points  4,  6,  11  and  14.  The  same  procedure  is  followed  for  grid 
points  22  and  23.  Note  the  use  of  symmetrical  boundary  conditions 
so  that  only  ons-half  of  the  joint  need  be  considered.  No^a  that 
the  eight  exceptions  to  the  MODAL  card  are  called  out  on  the  System 
Control  Information  Data  Form,  Figure  III-G.4. 

The  following  load  data  is  presented  in  Figure  III-G.7,  External 
Loads  Sections 

(1)  One  load  condition  is  input 

(2)  Grid  points  1  and  3  are  loaded  with  a  force  in  the 
+X  direction  equal  to  16.67  pounds  and  grid  point  2 
is  loaded  with  a  force  of  66.66  pounds  in  the  +X 
direction. 

Zero  valued  entries  are  made  in  the  External  Moments  section  since 
these  do  not  exiet  in  this  problem. 

Th®  Element  Control  Data  Form,  Figure  III-G.8,  displays  the  use 
of  the  REPEAT  option.  This  is  used  to  advantage  here  since  each  of 
the  four  elements  are  Identical.  Although  8  input  nodes  define  the 
element  the  User  will  note  that  10  nodes  are  listed.  The  last  two 
nodes  ®6*  and  *1*  in  locations  9  and  10  define  the  X  direction  for 
the  material  properties  axes.  This  allows  the  User  to  effectively 
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define  stress  output  direction.  The  same  two  points  used  for 
the  reference  element  can  also  be  used  for  the  following  elements 
so  that  output  has  a  common  reference. 

The  output  supplied  by  the  MAGIC  III  System  for  this  illus¬ 
trative  problem  is  described  below  and  shown  on  Figures  III-G.ll 
to  III-G.27,  Figure  III-G.ll  shows  the  matrix  abstraction 
instructions  which  are  completely  described  in  Reference  5* 

Figures  III-G.ll  to  III-G.14  display  the  output  from  the  Structural 
Systems  Monitor.  These  figures  record  the  input  data  pertinent  to 
the  problem  being  solved. 

Problem  title  and  material  data  are  given  in  Figure  IIX-G.12 
whereas  Figure  III-G.13  displays  the  gridpoint  coordinates,  temper¬ 
atures  and  pressures.  Figure  III-G.14  presents  the  boundary  con¬ 
ditions  and  finite  element  description.  In  the  boundary  condition 
portion  of  the  figure,  zeros  ('0')  represent  degrees  of  freedom 
that  are  fixed  (l.e.,  no  motion),  ones  ('I')  represent  degrees  of 
freedom  that  are  free  or  have  unknown  values  of  displacement,  and 
twos  ('2')  represent  degrees  of  freedom  that  are  eliminated  in  the 
analysis  procedure  through  the  condensation  technique.  The  second 
last  column  represents  the  cumulative  number  of  degrees  of  freedom 
which  actively  participate  in  the  equation  solving  process  for  dis¬ 
placements.  The  last  column  accumulates  the  number  of  twos  which 
participate  in  the  calculation  of  the  reauced  stiffness  matrix.  This 
procedure  is  not  used  in  this  example  problem.  The  second  portion  of 
Figure  III-G.l^  depicts  the  finite  element  representation.  Each  of 
the  four  elements  is  called  out  in  turn  with  grid  points,  print  options 
and  material  number.  The  use  of  extra  grid  points  "6"  and  "1”  were 
explained  above.  The  section  properties  listed  represents  the  joint 
thickness . 
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Figure  Il'I-G.15  displ&ys  the  external  load  condition  and 
the  transformed  external  assembled  load  column.  This  138x1  vector 
is  the  total  unreduced  load  which  is  read  row-wise.  The  ordering 
of  this  vector  is  consistent  with  that  of  the  boundary  condition 
table.  Figure  III-G.14.  A  load  of  16.6?  pounds  is  applied  at  node 
point  one  in  the  positive  X  direction.  This  is  position  (1*1)  In 
the  load  vector  which  corresponds  to  the  first  entry  in  the  boundary 
condition  table  which  is  the  global  U  displacement  for  node  point  1. 
Likewise  position  (7,1  "<  in  the  load  vector  corresponds  to  the  seventh 
entry  in  the  boundary  condition  table  and  the  last  position  (13jl)  cor¬ 
responds  to  thirteenth  entry. 

MAGIC  III  system  output  of  final  results  are  displayed  in 
Figures  III-G.16  to  IIX-G.27.  The  stiffness  matrix  is  shown  in 
Figure  III-G.16  where  only  the  non-zero  terns  are  displayed.  The 
stiffness  matrix  is  presented  row-wise  and  it's  ordering  is  con¬ 
sistent  with  that  of  the  boundary  condition  table  previously  discussed. 
In  this  problem  the  ordering  is 


The  externally  applied  load  vector  (GPRINT  of  MATRIX  LOADS) 
is  presented  in  Figure  III-G.17.  The  figure  shows  that  forces  (Fx) 
are  applied  in  the  positive  X  direction  at  nodes  1,  2  and  3  as 
previously  discussed. 

The  displacements  of  the  joint  are  given  in  Figure  III-G.18. 
These  displacements  (U,V,W)  are  output  versus  node  point  number  and 
are  referenced  to  the  global  axes  unless  otherwise  specified. 

Figure  III-G.19  shows  the  reactions  (Fv,  F„,  F  ).  These  are  also 

a  y  z 

output  versus  node  point  number  and  are  referenced  to  the  global 
axes  system  unless  otherwise  specified. 
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Stresses  arising  in  the  structure  are  displayed  In 
Figures  II1-G.20  to  III -G .23.  Bight  stress  resultants  are  evalu¬ 
ated  at  each  corner  point  of  the  element  and  also  at  the  inter¬ 
section  of  the  diagonals  which  connect  the  opposite  corse?  point* 
of  the  element.  Ifce  stress  resultant*,  are  defined  aa  follows: 
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Tha  following  sketches  show  ths  proper  asms?  in  which  to 
interpret  the  stress  resultants. 
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Returning  to  Figure  III-G.20  it  is  noted  that  there  are 
five  stress  points  at  which  the  stress  resultants  are  evaluated. 

These  correspond  to  element  grid  points  1,  3>  8,  and  6.  The  fifth 
stress  point  corresponds  to  the  stresses  evaluated  at  the  element 
centroid.  The  stresses  are  in  general  referenced  to  the  element 
coordinate  system.  For  the  quadrilateral  or  triangular  thin  shell 
elements,  however,  the  User  has  the  option  of  specifying  material 
or  stress  axes  in  order  to  effectively  define  stress  output  direction. 
This  is  accomplished  by  utilizing  locations  9  and  10  or  11  and  12  of 
the  node  point  portion  of  the  Element  Control  Section.  In  this 
particular  problem  the  numbers  '6'  and  'l1  were  entered  in  locations 
9  and  10  of  the  node  point  portion  of  the  Element  Control  Section. 
These  two  points  define  the  X  direction  of  the  material  properties 
axes.  (Positive  X  from  node  point  6  to  node  point  1.)  This  axis  of 
reference  then  becomes  the  reference  axis  for  the  stress  output. 

The  element  forces  for  the  Modified  Quadrilateral  Thin  Shell 
Element  are  displayed  in  Figures  III-G.24  to  III-G.27.  The  forces 
(FX'  FY'  FZ'  MX*  Mz)  are  define<i  respect  to  the  Global 

coordinate  system.  The  forces  are  defined  at  eight  points  on  the 
element.  The  first  four  points  are  comer  points, element  grid  points 
1,  3,  8,  and  6,  and  the  last  four  points  are  mid-points, element  grid 
points  2,  5,  7,  4  for  element  1,  for  example. 
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FIGURE  III-0.4  SYSTEM  CONTROL  INFORMATION  -  LAP  JOINT  PROBLEM 
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FIGURE  III-G.5  GRIDPOINT  COORDINATES  -  LAP  JOINT  PROBLEM 
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FIGURE  III-G.6  BOUNDARY  CONDITIONS  -  LAP  JOINT  PROBLEM 

328 


MAGKI  STRUCTURAL.  ANALYSIS  SYSTEM  CICMSKT  «««TR«L  »AYA 

INPUT  DATA  FORMAT 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III- G. 10  END  CARD  -  LAP  JOINT  PROBLEM 
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H,  TRIANGULAR  RING  ASYMMETRIC  LOADING  (TRICK  WALLED  DISC) 

A  thick  walled  disc  was  analyzed  to  determine  its  response 
to  typical  asymmetric  pressure  and  thermal  loadings.  The  dimensions 
of  the  disc,  its  pertinent  material  properties  and  the  subsequent 
three  element  idealization  are  pictured  in  Figure  III-H.l. 

Individual  analyses  of  the  disc  were  carried  out  for 
the  pressure  and  thermal  loadings  respectively.  The  input  and 
output  for  the  pressure  loading  will  be  discussed  first.  Changes 
in  the  input  and  output  brought  about  by  application  of  the  thermal 
loading  will  be  discussed  later  in  this  section.  Both  the  applied 
pressure  and  thermal  loads  choaen  possessed  the  same variation 
(1  +  cos  2e)  in  the  circumferential  coordinate  0.  This  variation 
was  chosen  because  it  could  be  described  exactly  by  the  MAGIC  III 
program  utilizing  the  (o)  and  (+2)  harmonics. 

Asymmetric  Pressure  Loading 

The  preprinted  input  data  forms  associated  with  the  asym¬ 
metric  pressure  load  problem  are  shown  in  Figures  III-H.2  through 
III-H.9.  The  input  illustrated  in  Figures  III-H.2  through  III-H.7 
is  completed  in  a  similar  manner  as  that  provided  for  the  Axisymmetrlc 
Triangular  Ring  Element  (See  Reference  5).  The  only  noteable  dif¬ 
ference  between  the  two  elements  (Axi  and  Asymmetric  Triangular 
Ring)  being  in  the  input  linked  to  the  external  loading  conditions. 

As  has  been  previously  indicated  (See  Section  ILC)  the 
difference  in  manner  of input  for  external  loads  is  quite  large 
between  the  Axisymmetrlc  and  Asymmetric  Triangular  Ring  Elements. 

Input  options  specialized  and  linked  to  the  former  must  be  abandoned 
when  utilizing  the  Asymmetric  Triangular  Ring  Element.  Examples 
of  the  options  to  be  ignored  in  this  instance  arc  the  Temperature 
Interpolate  Option  and  Pressure  Suppression  Options  of  the  Axisymmetrlc 
Triangular  Ring  (See  Sections  II. C. 8). 

The  only  element  of  the  Thick  Walled  Disc  assumed  loaded 
(See  Figures  III-H.l  and  III-H.8)  is  element  number  1.  This  load¬ 
ing  was  assumed  acting  radially  outward  and  possessed  a  circumfer¬ 
ential  (1  +  cos  20)  variation. 
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H.  TRIANGUIAR  RING  ASYMMETRIC  LOADING  (THICK  WALLED  DISC) 

A  thick  walled  disc  was  analyzed  to  determine  its  response 
to  typical  asymmetric  pressure  and  thermal  loadings.  The  dimensions 
of  the  disc,  its  pertinent  material  properties  and  the  subsequent 
three  element  idealization  are  pictured  in  Pigure  XII-H.l. 

Individual  analyses  of  the  disc  were  carried  out  for 
the  pressure  and  thermal  loadings  respectively.  The  input  and 
output  for  the  pressure  loading  will  be  discussed  first.  Changes 
in  the  input  and  output  brought  about  by  application  of  the  thermal 
loading  will  be  discussed  later  in  this  section.  Both  the  applied 
pressure  and  thermal  loads  chosen  possessed  the  saaevariation 
(1  +  cos  2e)  in  the  circumferential  coordinate  9.  This  variation 
was  chosen  Decause  it  could  be  described  exactly  by  the  MAGIC  III 
program  utilizing  the  (0)  and  (+2)  harmonics. 

Asymmetric  Pressure  Loading 

The  preprinted  input  data  forms  associated  with  the  asym¬ 
metric  pressure  load  problem  are  shown  in  Figures  III-H.2  through 
III-H,9.  The  input  illustrated  in  Figures  III-H.2  through  III-H.7 
is  completed  in  a  similar  manner  as  that  provided  for  the  Axisymmetrlc 
Triangular  Ring  Element  (See  Reference  5).  The  only  noteable  dif¬ 
ference  between  the  two  elements  (Axl  and  Asymmetric  Triangular 
Ring)  being  in  the  input  linked  to  the  external  loading  conditions. 

As  has  been  previously  indicated  (See  Section  n.C)  the 
difference  in  manner  of input  for  external  loads  is  quite  large 
between  the  Axisymmetrlc  and  Asymmetric  Triangular  Ring  Elements. 

Input  options  specialized  and  linked  to  the  former  must  be  abandoned 
when  utilizing  the  Asymmetric  Triangular  Ring  Element.  Examples 
of  the  options  to  be  ignored  in  this  instance  are  the  Temperature 
Interpolate  Option  and  Pressure  Suppression  Options  of  the  Axisymmetrlc 
Triangular  Ring  (See  Sections  II. C. 8). 

The  only  element  of  the  Thick  Walled  Disc  assumed  loaded 
(See  Figures  1II-H.1  and  III-H.8)  is  element  number  1.  This  load¬ 
ing  was  as:  umed  acting  radially  outward  and  possessed  a  circumfer¬ 
ential  (1  +  cos  29)  variation. 
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The  Asymmetric  Pressure  Load  Input  is  accomplished 
through  the  form  illustrated  in  Figure  III-H.8.  The  first  entry 
on  ohe  form  Is  prelabeled  HARM,  and  requires  no  input  from  the 
user.  The  second  entry  on  the  form  contains  the  information 
that  our  problem  includes: 

.  a)  one  loaded  element, 

b)  a  maximum  of  two  harmonics  will  be  chosen  to 
represent  the  loading  on  the  element, 

c)  and  a  maximum  of  two  harmonics  are  to  be  used 
for  the  analysis  of  the  thick  walled  disc. 

The  third  entry  on  the  form  provides  that: 

a)  the  loaded  element  is  Element  Number  One, 

b)  it  is  loaded  In  the  radial  direction  only  and 
(36)  values  of  the  loading  at  equally  spaced 
intervals  are  being  provided, 

c)  and  finally  the  actual  values  at  these  36 
intervals  are  input. 

Designation  of  points  about  the  structure,  in  this  case 
the  Thick  Walled  Disc,  where  output  of  stresses  and  displacements 
are  to  be  provided  is  accomplished  by  the  form  illustrated  in 
Figure  III-H.9*  The  first  entry  on  the  form  is  prelabeled  HSDC 
and  requires  no  input  from  the  user.  The  second  entry  on  the  form 
provides  that  output  of  stresses  and  displacements  will  be  provided 
over  the  entire  circumference  of  the  Thick  Walled  Disc  (360°)  at 
(30°)  intervals. 

A  sampling  of  the  output  derived  from  the  analysis  of  the 
previously  described  Thick  Walled  Disc  under  the  Asymmetric  Radial 
Pressure  Loading  is  presented  and  discussed.  Reference  should  be 
made  to  Figures  III -H. 10  through  III-H.19. 

Figures  III-H.lO,  III-H.ll  and  III-H.12  present  typical 
element  data  output  of  pertinent  material  data,  gridpoint  coordi¬ 
nates,  boundary  conditions  and  element  definitions  (for  Elements  1 
and  2).  This  output  Is  consistent  with  that  presented  for  the 
Axisymmetric  ring  element. 

The  output  presented  in  Figures  III -H.  13  and  III--II .  14 
describes  the  asymmetric  loading  applied  to  the  thick  walled  disc. 
Figure  III-H.13  confirms  that  a  radial  loading  has  been  placed  on 
Element  No.  (1),  that  a  limit  of  two  harmonics  describing  the  loading 
has  been  set  and  also  presents  the  36  circumferential  values  of 
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the  radial  load  used  to  describe  the  loading.  Figure  III-H.14 
presents  the  harmonic  loads  which  result  from  the  Fourier  decomposi¬ 
tion,  carried  out  automatically  by  the  MAGIC  III  Program,  of  the 
loading  defined  in  Figure  III-H.13-  In  the  question  of  the  Thick 
Walled  Disc  under  consideration,  the  program  ha3  determined  that 
the  radial  loading  on  Element  (1)  for  a  given  circumferential 
location  (9)  can  be  expressed  as  follows  (with  reference  to 
Figure  H.l4) 


P*(9)  -  -  {  100.027  +  98.9766  Cos  2  9  {  (1) 

Referencing  Sections  III-C.8f,  it  is  evident  that  com¬ 
plete  two  dimensional  analyses  for  the  (m  -  0)  and  (m  =  +2)  harmonics 
are  required  to  carry  out  the  analysis  of  the  Thick  Walled  Disc. 

This  envolves  the  MAGIC  III  program  assembling  structure  stiffness 
matrices  for  the  (m  =  0)  and  (m  ~  +2)  harmonics.  Figures  III-H.15 
a  and  b  provide  the  element  (for  Element  #1)  harmonic  stiffness 
and  load  matrices  for  harmonics  0)  and  (a--  +2)  which  are  used 
in  assembling  the  structure  (Disc)  stiffness  and  load  matrices. 

Figures  III-H.l6a  and  b  present  the  harmonic  stresses  (for 
m  =  0  and  m  -  +2)  for  Element  #1  which  result  from  the  above 
analyses.  The  harmonic  stresses  presented  in  these  two  figures  can 
be  combined  as  shown  below  to  evaluate  the  stress  in  Element  #1  at* 
a  centroidal  location  (cros3-seetion)  and  at  an  arbitrary  circum¬ 
ferential  location  9. 


—  «"■* 

— —  ■ 

an# 

-75-384766 

-111.55794 

3.0233459 

-  10.4^9285 

V®‘ 

2 

-163.20439 

-  458.28198 

V 

-  7.5593872 

25.463989 

V' 

0 

101.23071 

0 

1  ■  ■’  1  lOMld 

-  3-4822311 

The  matrix  C2  (9)  is  the  diagonal  matrix 
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fc2  (9)J  3  fcos  20,  Cos  29,  Cos  20,  Cos  20,  Sin  2©, Sin  2©j. 

Expressions  similar  to  that  given  by  Equation  (2)  above 
can  be  obtained  for  the  displacements  and  reactions  at  the  nodes 
of  Element  #1  for  an  arbitrary  circumferential  location  0. 

The  expressions  for  the  circumferentially  varying  displace¬ 
ments,  reactions  and  stresses  of  the  nodes  (and  consequently  elements) 
which  define  the  Thick  Walled  Disc  were  evaluated  in  accordance 
with  the  information  provided  on  the  HSDC  form  (Figure  III-H.9) 
by  the  MAGIC  III  Program.  Displacements,  reactions  and  stresses 
were  consequently  provided  for  all  elements  at  30°  intervals 
completely  around  the  structure.  Figures  III-H.17  and  III-H.18 
provide  the  displacements  and  reactions  for  all  five  of  the  struc¬ 
tures  nodes  for  two  selected  circumferential  positions  (0  =  0° 
and  0  =  6o°).  Figure  III-H.19  provides  the  stresses  at  the  cen¬ 
troid  of  Element  1  for  all  12  specified  locations. 

Asymmetric  Thermal  Loading 

The  Thick  Walled  Disc  was  analyzed  to  determine  the 
effects  of  an  applied  asymmetric  thermal  loading.  The  loading 
possessed  an  (1  +  Cos  20)  circumferential  variation  in  magnitude 
and  varied  non-linearly  through  the  cross-section. 

The  asymmetric  temperature  load  input  for  this  test  case 
is  accomplished  through  the  form  illustrated  in  Figures  III-H.20 
a  and  b.  The  first  entry  on  the  form  is  prelabeled  HTEM,  and 
requires  no  input  from  the  user.  The  second  entry  on  the  form 
contains  the  information  that  the  test  case  includes: 

a)  three  elements  loaded  by  asymmetric  temperature 
distributions, 

b)  e.  maximum  of  two  harmonics  to  be  chosen  to  represent 
the  thermal  loadings  on  the  elements, 

c)  and  a  maximum  of  two  harmonics  to  be  used  for  the 
analysis  of  the  thick  walled  disc. 

The  following  three  entries  in  Figures  III-H.20  a  and  b  provide 

a)  the  numbers  of  the  three  loaded  elements, 

b)  the  information  that  (36)  values  of  the  loadings 
will  be  provided  for  each  of  the  three  elements, 

c)  and  the  values  of  these  loadings  at  (36)  intervals 
for  the  three  loaded  elements. 
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The  thermal  run  is  accomplished  by  substituting  the  HTEM  input  for 
the  HARM  input  provided  earlier  (Figure  III-H. 8)  and  providing 
the  remainder  of  the  input  as  before.  The  input  for  the  case  of 
the  asymmetrically  loaded  Thick  Walled  Disc  is  reviewed  by 
Figure  III-H. 21.  Selected  output  from  the  MAGIC  III  Program  is 
provided  for  this  analysis  in  Figure  III-H  22  through  Figure  III-H. 26. 

Figure  III-H. 22  describes  the  asymmetric  thermal  loading 
applied  to  Element  (1).  The  values  provided  in  this  figure  which 
comprise  the  loading  must  be  interpreted  as  changes  in  temperature 
to  which  the  element  is  subjected  at  varying  circumferential 
locations.  These  temperature  changes  can  be  imagined  as  occurring 
at  the  centroid  of  the  element  cross-section.  Figure  III-H. 23 
presents  the  harmonic  loads  (coefficients)  which  result  from  the 
Fourier  decomposition,  carried  out  automatically  by  the  MAGIC  III 
program,  of  the  loading  defined  in  Figure  III-H. 22. 

Figures  III-H. 24  a  and  b  present  the  net  harmonic  stresses 
(coefficients  in  the  Fourier  series  which  represent  the  net  stresses 
on  Element  1)  for  harmonics  =  0  and  =  +2.  The  net  stress 
of  Element  1  can  be  expressed  in  the  following  Fourier  series  form 

trs«  {t.i  ♦  x  fc^.1  *  arOiiJ 


where  the  diagonal  matrices  and  appear  as 


KJ  =  r Cos..©,  Cos  «n0,  Cos  9,  Cos  m  ©,  Sin«\0,  Sin«*»eJ 

and 

J  =  Tsin  @,  Sin  m  9,  Sin  me.  Sin  <n  6,  Cos  «n6,  Cos<*»  0  J. 

till 

The  net  harmonic  stress  for  the  A-series,  harmonic 

can  be  expressed  as 


where 


and 


-  {SZAEL  («)} 

[ E  IK!  =  harmonic  apparent  element  stress, 
[sZAEL  (•»)!=  harmonic  element  applied  stress. 
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The  vector  |SZAEL  (*)$  is  a  harmonic  stress  coefficient  correction 
vector  for  any  element  possessing  an  applied  asymmetric  (or  axisym- 
raetric)  temperature  load.  |SZAEL(«}^  is  calculated  as  follows  (for 
the  A  series,  ^  ^  harmonic): 

|  SZAEL(*)J  =  T(~)  [  E  1  { 

where  W  is  the  material  property  matrix  which  has  the  form 


“  i  *  i  * 

°  ;  °  ;  6 

0  j  °  i  • 

j  °  j  ° 

t>u  ,  0 

- 

and  where 

The  matrix  [  E^  for  the  Thick  Walled  Disc  (which  is  constructed 
using  an  isotropic  material)  Is 
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}  }  >  O  j, 

0^*>  i  °  ^ 

AO***  j 


a  6 

> 


O  j  © 


°  >  * 

A 

*C»**>  ;  ® 

-A. 

x«^ 


-a$s  . 

hennal  coefficient  Vector  for  the  Thick  Vailed  Disc  (Isotropic 


iaH  is 


The  properties  utilized  in  the  analysis  (Figure  III-L.21)  are 
defined  below 

E  =  30  x  lo6  a) 


6  x  10  c) 

The  scalor  T(m)  is  the  harmonic  temperature  (coefficient  In  the 
Fourier  series  representing  the  applied  asymmetric  temperature 
loading  on  the  element)  and  assumes  the  following  values  for 
harmonica  #n  *  0  and  m  *  +2  for  Element  of  the  Thick  Walled 
Disc  (see  Figure  III-H.23). 

T  (0)  *  353-526 
T  (4-2)  -  3^9.965 

The  vector  |sZA2L(m  )|  for  an  isotropic  material  can  be 
expressed  as 


SZAEL 


(*»)J 


where 


1  -  3  0  2  -  2 


E  «C  T, 


Evaluating  Equation  III-H.18  for  harmonics  m  =  0,  =  +2  for 

Element  Number  1  of  the  Thick  Walled  Disc : 

Q^(0)  =  .15908656  E  06  a) 

<£(+2)=  .15748388  E  06  b) 

The  quantities  <5^(o)  and  ^.(+2)  appear  as  harmonic  element 
applied  stresses  in  Figures  III-H.24  a  and  b. 
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The  displacements  for  the  5  nodes  of  the  Thick  Walled 
Di3c  are  provided  for  e  =  0°  and  8  *  6o°  (Figures  III-H.23  a  and  b). 
The  net  stress  distribution  in  Element  1  is  provided  in  Figure 
TII-H.26. 
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FIGURE  III-H.4  SYSTEM  CONTROL  INFORMATION,  THICK  WALLED  DISC 
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FIGURE  III-K.5  GRIDPOINT  COORDINATES,  THICK  WALLED  DISC 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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FIGURE  III-H.6  BOUNDARY  CONDITIONS,  THICK  WAILED  DISC 
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FIGURE  III-H,7  ELEMENT  CONTROL  DATA,  THICK  WALLED  DISC 
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FIGURE  III-H.l*  HARHOWIC  LOAD  OUTPUT,  TRICK  VALUED  DISC 
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FIGURE  III -H. 17b  NODAL  CIRCIE  DISPLACEMENTS  AT  6  -  6o*,  THICK  WALLED  DISC 
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FIGURE  I II -H. 21  INPUT  -  THICK  WALLED  DISC,  NON-AXISYWETRIC  LOAD  ISO 
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FIGURE  'II-H.26  STRESS'^  \H  ELEMENT  NC.  (1),  THICK  WALLED  DISC 
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APPENDIX  A 
USER  MANUAL  UPDATES 


The  following  presents  updated  User  Instructions  to  the 
MAGIC  User's  Manual,  The  updates  are  referenced  to  the  MAGIC  II 
User's  Manual  (Reference  5)  by  page  number. 


1.  Page  3 6 


2.  Page  37 


3.  Page  37 

4,  Page  36 


Hie  EPRIRT  abstraction  instruction  does  not  have 
dots  around  it.  It  should  read  BPRINT(a#b,c)D. 

The  following  additional  options  are  available  for 
the  .ASSEM,  structural  abstraction  instruction: 

d  *  1  ,  to  assemble  the  reduced  element  stiffness 
matrices 

d  *  2  ,  to  assemble  the  reduced  element  mass  matrices 

d  «  3  ,  to  assemble  the  reduced  element  incremental 
matrices 

d  *  4  ,  to  assemble  the  reduced  element  applied  load 
matrices 

where  for  d  «  1,  2  and  3  fclwill  have  the  order 
(N  x  N)  where  M  »  NS  x  S  -  (the  number  of  retained 
degrees  of  freedom).  If  d  »  4,  then  C  will 
have  the  order  {»  x  1). 


Cn  cial 

»  m 

ci 

i  or 

c  •* 

C21  C22  1 

°2 

k  » 

»  • 

The  G PRINT  abstraction  instruction  does  not  have  dots 
around  it.  It  should  read  GPRINT(a,b,c,Cl.C2.C3.etc)F,G. 

Explanation  of  Matrix  E. 

E.  This  matrix  is  optional.  It  may  be  suppressed  if 
input  matrix  P  is  in  unreduced  form,  i.e,,  contains 
all  system  degrees  of  freedom.  If  matrix  P  is 
reduced,  then  E  must  be  a  transformation  matrix 
(generated  from  0MP5)  used  to  unreduce  F  for 
printing.  If  a  «=  3,  then  this  matrix  must  be 
present  if  the  eigenvector  matrix  is  reduced, 
which  is  usually  the  case. 
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5, 


6, 


7. 


8. 


9. 


Page  103 


Page  103 


Page  105 


Page  131 


Page  134 


Itea  Nuaber  4 

4,  Nuaber  of  Load  Conditions  -  (Cols.  15-16) 

The  nunber  of  load  conditions  is  equal  to  the 
nuaber  of  external  load  conditions  that  are 
applied  to  the  system.  Note  that  external  loads 
are  not  to  be  confused  with  element  applied 
loading  such  as  temperature  and  pressure. 

If  there  are  no  external  loads  applied  to  the 
system,  then  the  number  of  load  conditions 
should  be  set  to  zero  and  no  LOADS  section  need 
be  input.  An  element  applied  load  scalar 
of  1.0  will  automatically  be  generated. 

At  the  present  time,  the  maximum  nuaber  of 
external  load  conditions  allowed  is  one 
hundred  (100). 

Item  Nuaber  6 

6.  Number  of  Prescribed  Displacement  Condition  - 
(Cols.  23-28) _ __________________ 

Applied  loading  may  be  prescribed  in  terms  of  non¬ 
zero  displacement  values.  Either  one  prescribed 
displacement  condition  or  NL  prescribed 
displacement  conditions  can  be  accommodated  per 
execution,  where  NL  is  defined  in  item  number  (4) 
above.  Therefore,  the  number  of  prescribed 
dieplacement  conditions  should  be  equal  only  to 
1  or  NL.  If  there  are  no  prescribed  displacement 
conditions,  then  this  entry  is  ignored  by  the  User. 

Item  Nuaber  6 

This  item  should  read  as  follows: 

6.  Number  of  prescribed  displacement  conditions. 

Item  Number  12 

This  item  should  read  as  follows: 

12.  Prescribed  Displacement  Condition  Section 
(Figure  11-11) _ 

Condition  Number  -(Cols,  7-11) 

The  condition  number  is  a  fixed  point  number.  In 
the  present  MAGIC  System  either  1  or  NL  prescribed 
displacement  conditions  can  be  accommodated  per 
execution.  NL  is  defined  ao  the  total  number  of 
loading  conditions  in  a  given  analysis.  If  the  User 
specifies  NL  prescribed  displacement  conditions 
then  the  corresponding  prescribed  displacement 
condition  will  be  used  with  the  appropriate 
external  load  condition.  If  you  specify  1 
prescribed  displacement  condition,  then  the  same 
set  of  values  will  be  generated  NL  times  to  be 
used  with  each  external  load  condition. 
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APPENDIX  A  (CONT.) 


10.  Page  136  Item  Number  5 

5,  The  number  of  prescribed  displacement  conditions 
must  be  specified  on  the  System  Control 
Information  Data  Form  (Figure  This 

value  is  equal  to  1  or  NL,  where  NL  is  defined 
to  be  the  number  of  external  load  conditions. 

11.  page  138  Last  Paragraph  should  read  as  follows: 

The  first  entry  on  the  External  Grid  Point  Loads 
Form  is  prelabeled  LOADS  and  requires  no  information 
from  the  User.  If  there  are  no  External  Loads 
acting  on  the  system,  then  the  User  does  not  have 
to  input  a  LOADS  section.  The  MAGIC  system  will 
automatically  generate  one  zero  load  condition 
with  an  element  applied  load  scalar  of  1,0  for 
the  User. 

12.  Page  138  Delete  Item  Number  3  under  Condition  Number. 

13.  Page  l4o  Item  Number  1  under  REMEMBER  heading  should  read: 

1.  The  External  Grid  Point  Loads  Section  may  be 
omitted  if  there  is  no  external  grid  point 
loads  acting  on  the  structure.  Enter  a  zero 
on  the  System  Control  Information  Data  Form 
(Figure  II-3)  if  this  is  the  case.  An  applied 
element  load  scalar  of  1.0  will  automatically 
be  generated  for  the  user. 


395 


APPENDIX  B 


l 


il 


i 

i 

i 

l 

$ 

> 

( 

\ 

t 

t 

! 

( 

1 

| 

% 

L 

i 


MAGIC  INPUT  DATA  PORKS 

This  Appendix  compiles  all  the  MAGIC  structural  analysis  input 
data  forms.  The  use  of  these  forms  is  explained  in  detail  in 
Reference  5  and  this  report.  They  are  placed  here  to  serve  the 
User  as  "tear-outs” , 
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STRUCTURAL  ANALYSIS 
INPUT  DATA  FORMAT 


IAC  1*tl 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 

SYSTEM  CONTROL  INFORMATION 


1. 


2. 


3. 


5. 


6. 


7. 


8. 

9. 


Number 

Number 

Number 


of 


of 

of 


Degrees  of  Freedoo/Grid  Point 


Number  of  Load  Conditions 

Number  of  Initially  Displaced  Grid  Points 

Number  of  Prescribed  Displaced  Grid  Points 


Number  of  Grid  Point  Axes  Transformation 
Systems 


Number  of  Elements 


Number  of  Requests  and/or  Revisions  of 
Material  Tape. 


10.  Number  of  Input  Boundary 
Condition  Points 

11.  TQ  For  Structure  (With  Decimal  Point) 


1 

lE 

ZEE 

□ 

39  M  41 

m 

L 

ZED 

*AC  l#t* 


*Ma(e  *T^«TU"*t  ANAUYtt*  SYtTtM 
•MPU?  DATA  FORMAT 


CALCULATION  CONTROL 

PLACE  X  IN  BOX  OPPOSITE 
_ CCS!  RED  OPERATIONS 

’•  *•*!«•  Mittrlil  Top* 

2.  Inver*  Solution 

3.  Choloslti  Decomposition 

4.  Lino*  Function  Minimisation  Solution 

*  Nonlinear  Function  Minimisation  Solution 
*•  Fla*tJc  Analytu 

7-  QfW  Feint  Axet  Treniformetion 
«■  3tr«ce  Calculation* 

••  Reactions 
Stwcture  Plot 
t1*  Pyntmkc  Analytic 

fox 


□-□■DDDDDQD-DD: 


SAC  1630 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


PRINT  OPTIONS 


0 

R 

1 

N 

T 

t 

2 

3 

4 

S 

6 

PLACE  ‘X*  IN  BOX  OPPOSITE 
DESIRED  PRINT 

1.  Aswmbly  -  Stiff  row 

2.  Inverse  -  Stiffness 

3.  Triangulated  -  Stiff  new 

4.  Displacements 

5.  Intermediate  Function  Minimisation 


■AC  I <21  R«».  »T1 


MAOIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


- - - — — 

FOR  USC  IM  ALL 
EICCMVALUf 
FROKLCMS 


IWSMVAUJ1  INFORMATION 


1.  Number  of  Eigenvalues  Requested 
(Less  Than  or  Equal  to  20) 


(/) 


2. 


Convergence  Criteria  (Floating  Point) 
(Default  Option  -  0.001) 


TO 


rr 

Virirmni 


3.  Maximum  Number  of  Iterations 

(Default  Option  -  500  Iterations) 


m 

15  II  1? 


4.  Debug  Iteration  Print 

Iteration  Print  ON  ■  1 
Iteration  Print  OFF  ■  0 
(Default  Option  -  Print  OFF) 


□ 


5.  First  Normalizing  Element  for  Print 

(Default  Option  -  No  First  Normalization) 


WWTfTS 


6.  Second  Normalizing  Element  for  Print 

(Default  Option  -  No  Second  Normalization) 


7.  Control  for  Guess  Vector  Iteration  Start 
Column  Iteration  Start  *  0 
Row  Iteration  Start  *  1 
(Default  Option  -  Column  Iteration.  Start) 

4o4 


n 


a-  24  »  28 


SAC  1653-1 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


1  2  3  4  S  S 


GRID  POINT  PRESSURES 


lUuQuIl 


PRESSURE 


1  2  3  4  ft  * 


OrMftriM 

NwnUr 


Pi 

Pa 

1  2 
3411711 012 

2  3 
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•AC  18232 


rmucrufiAi  tMAiYm  mriM 

tmJT  DATA  POfcMAT 


0*10  POINT  PRESSURES 
(continued) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
SNPUT  DATA  FORMAT 

GRID  POINT  TEMPERATURES 


BAC-1«24-2 


MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


GRID  POINT  TEMPERATURES 
(eoMintMd) 


</> 

l/l 

l/l 

(/) 
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P*QI _ Of 


m.ci*£5  magic  structural  analysis  system 

INPUT  DATA  FORMAT 


IF  G8AXES  INFORMATION  MUST  SE  CONTINUED  ON  SECOND  SHEET, 
USES  MUST  DELETE  G8AXES  LABEL  CASED  FROM  SECOND  SHEET. 


SAC  1S2S-1 

MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  BATA  FORMAT 


[INPUT  CODE-  0  -  No  Ckptmnwnt  Aficwsd 

1  •  Unknown  Dfcptesnwnt 

2  •  Known  Dfapbcsmswt 


BOUNDARY  CONDITIONS 
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MAQiC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 


INPUT  CODE  0  ■  No  DiftptaaftMflt  Allowed 
t  ■  Unknown  Oitpteewnwtt 
2  -  Known  0«<>lae*m*ot 


BOUNDARY  CONDITIONS 
.continued) 
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MAGIC  STRUCTURAL  ANALYSIS  SYSTEM 
INPUT  DATA  FORMAT 
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